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LIBRASCOPE'S HIGH SPEED 


DATA HANDLING SYSTEMS... 


‘aat-(ol-mce) 
JUMP TO 
CONCLUSIONS! 


THE LIBRASCOPE #208 DATA RECORDING SYSTEM 


FOR EXAMPLE 


This Librascope Data Recording System is a high 
speed reduction system for the rapid conversion of 
multiple analog data to digital presentation on punched 
paper tape, magnetic tape or punched cards, This 
system, capable of operating at extremely high speed 
with utmost efficiency, can handle as many as 100 
inputs and can be programmed for fast or slow sam- 
pling intervals. Designed to provide extreme flexibility 
in operation, this precise data handling system will 


Librascope also manufactures mechanical 
and optical components for 
computers and controls. Send for 
booklet describing the company. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


LIBRASCOPE INC 


8BOS8B WESTERN AVENUE 


LIBRASCOPE 


CAN SOLVE 
YOUR COMPLEX DATA 
HANDLING PROBLEMS! 








Two decades of successful expe- 
rience in the development and 
manufacture of computing-con- 
trolling equipment for military 
and industrial applications have 
provided Librascope with an 
outstanding capacity for achieve- 
ment in the field of data handling. 


This broad background in me- 
chanical, electrical, electronic 
optical and magnetic computer- 
controlling techniques plus the 
ability to combine and coordinate 
them in direct proportion to their 
effectiveness in specific applica- 
tions enables Librascope’s engi- 
neering staff to pin-point the most 
practical and economical solution 
to your problem. 


Your most exacting 
requirements can be met 
at Librascope! 


accept a wide variety of inputs and is adaptable to any 
coded decimal or straight binary output. The broad 
versatility of this equipment permits a multitude of 
applications to military and commercial projects rang- 
ing from wind tunnel recording to the automatic con- 
trol of industrial proc 


ses. For the most direct and 
effective solution to your particular data-handling or 
data-recording problem, consult Librascope’s engi- 
neering staff. For further information, write today. 


Engineers in search of interesting 
assignments, security, advancement 
contact Mac McKeague, Personnel Director 
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solves control problems 


ROTOR ANGLE 


CLEARED 


SUSTAINED 
FAULT 


CLEARED 
AT 0.6 SEC. 


CLEARED 
AT 0.5 SEC. 


CLEARED 
AT 0.4 SEC. 


AT 0.2 SEC. 


How long can a breaker take to break? 


HEN a short circuit occurs on a power system, 
W. circuit breaker goes into operation—opening 
or “clearing” the fault while protecting the genera- 
tor. However, the circuit breaker requires a certain 
amount of time to operate. If the time is too long, 
the generator will slow down until it gets “‘out of 
step” with the rest of the system. 


The power system swing curves shown above illus- 
trate what happens to system stability as the time 
lag increases. This problem of the electric power 
industry and countless other problems of analysis 
and control in other industries — possibly in yours 
—are quickly and easily solved with GEDA, the 


Goodyear Electronic Differential Analyzer. 


The Versatile Analog Computer of Advanced 
Design, GEDA can deliver to you tremendous savings 
in engineering man-hours — eliminate empirical 
guesswork and costly experimentation. 

Its quality and flexibility is equalled only by its 
ease of operation. Programming is simple; results 
are shown in wave forms and voltages — require no 
specialized mathematics to translate them. 


Write for full information on the complete line of 
GEDA Advanced Design Computing Equipment, a 
product of Goodyear Aircraft Corporation, Dept. 
931GG, Akron 15, Ohio. 


(GLEID/A\ ANALOG COMPUTERS —best way to give your hunch a chance! 


GEDA-—T. M. Goody ircraft Corporation, Akron 15, Ohio 
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Critialized Operiioms. Conv... 


Remote Supervisory Controls 
For Industrial & Governmental Use 


> Puts all controls and metering in your central office. 
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Central terminal equipment 
for control of remote op- 
erations and display of 
telemetered information. 


Remote terminal equipment. Operates 
in response to signals received from the 
central control point to perform ON-OFF 
and OPEN-CLOSE operations and returns 
metered data. Local control and indicat- 
ing meters are also included. 


P Provides simultaneous and continuous operations. 


P Uses your present instruments if desired. 


P Uses just one telephone circuit or radio channel. 


Is tested, proven, and safe. 


Your present equipment can be integrated 
into a Centralized Operation Control system. 
What COC does is modernize it to the extent 
that all your normal control and telemetering 
operations can be handled from a single 
central point over a single telephone circuit. 
Or, radio or microwave may be used. 


Now, valves and switches can be opened and 
shut, pumps and other machinery can be 
started and stopped, flow, levels, voltages 
and most all other quantities can be metered, 
all from your central control point. And all 
these functions can be operated continuously 
and/or simultaneously as desired. 


And, you don’t have to have an electronics 
specialist on the job to operate your COC 
system. Once installed, any capable com- 
munications service man, electrician or instru- 
ments man can service it. 


COC systems are flexible. All units are open- 
ended for future expansion. An almost un- 
limited number of functions are possible, but 
you buy only what you need at the start. 


Perhaps the most attractive feature to those 
who are responsible for controls and remote 
instrumentation is dependability and safety. 
COC units loaf most of the time—they are 
designed with an 8 to 1 safety factor. And 
there are all the extensive fail-safe and alarm 
features built in that you will want. 


For full information, write to The Hammar- 
lund Manufacturing Company, 460 West 34th 
Street, New York 1, New York. 


Ask for Bulletin CC-11 
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CONTROL ENGINEERING 


Since 1910 





Control ~~ 


ENGINEERING 


INSTRUMENTATION AND AUTOMATIC CONTROL SYSTEMS 


FEATURE ARTICLES 


Facts that Influence Telemetering 


Walter E. Rufleth 48 


Two Shortcuts for Selecting a Precision 
‘Trimmer Frank Bradley 


What Pulses Can Do For You A.A. Blundi 
A Systems Analysis Predicts Performance 
G. J. Fiedler, ‘IT’. F. McGrath, A. FE. Buescher 65 


Now You Can Design with Packaged Components 
Barney J. O'Neill 8] 


IDEAS AT WORK Damper Stabilized Synchro Repeaters J. EK. Ward 90 
Dielectric Plating Goes Automatic G.Post 93 
Dilution with Feedback Pays Off 8:1 S. Araki 95 


Computer Problem Check R. D. McCoy and B.D. Loveman 97 


DEPARTMENTS 


Control Personality — Louis and Frances Bauer 13 
Industry's Pulse — Italy Looks at America’s Control Market 39 
Editorial — Data Processing ‘Takes ‘Teamwork 

(A guest editorial by Eugene M.Grabbe) 47 

Bulletins and Catalogs 

Abstracts 

Books 

Meetings Ahead 


Shoptalk 4 
Feedback 6 
What's New 16 
New Products 100 





WILLIAM E. VANNAH Editor Advertising Sales 


LLOYD E. SLATER 
BYRON K. LEDGERWOOD 
EDWARD J. KOMPASS 
RAYMOND N. AUGER 


Managing Editor 
Associate Editor 
Assistant Editor 
Assistant Editor 


HARRY R,. KARP 
WARREN KAYES 
SUSAN RICHMOND 


JACK GORDON 
DEXTER M. KEEZER 
G. B. BRYANT, JR. 
JOHN WILHELM 


Consulting Editors 


GORDON S. BROWN 
EUGENE M. GRABBE 
MARION V. LONG 
DAVID RUBINFIEN 
KEITH HENNEY 


Assistant Editor 
Copy Editor 


Editorial Assistant 
Art Director 


Dir. Economics Dept 
Mgr. Washington Bureau 


Editor, World News 


Cambridge, Mass 
Los Angeles, Calif. 
Emeryville, Calif. 
Chicago, II]. 

New York, N. Y. 


R. M. H. BERG 
W. F. BUEHL 


JOHN C. MITCHELL 


JOHN G. ZISCH 
STOKES T. HENRY 
JAMES H. CASH 
r. H. CARMODY 
GORDON L. JONES 


W. W. GAREY 


W. C. CARMICHAEL 


New York, Boston 
Philadelphia, New York 
Cleveland, Detroit 
Chicago, St. Louis 
Atlanta 

Dallas 

San Francisc: 


Los Angeles 


Publisher 


Production Manager 


ADVERTISING INDEX 140 


PRINT ORDER THIS ISSUE 


26,699 





WVew/sanoers 


““MINIVALVE” 


MODEL SA-14 


/ Compact 
| Lightweight 
Non-Jamming 
Low Input Power 
Built-in Torque Motor 
Wide Frequency Response’ 


This miniature valve is an ad- 
vanced design of a 2-stage hy- 
draulic amplifier utilizing the 
“Bootstrap” principle to develop 
larger forces with low input power 
requirements. Its improved, self- 
clearing feature eliminates jam- 
ming. 

SPECIFICATIONS: 

Flow — 4 GPM for 1000 PSI drop 
across valve; System Pressure — 
3000 PSI; Frequency Response — 
100 cps. (Also available: “Mini- 
valves” with flows up to 200 
GPM.) 


For detailed specifications, 
write to Dept. CE-] 
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SHOPTALK 


SYSTEMS ANALYSIS—WITH ALL STOPS OUT 

Since its start, CONTROL ENGINEERING has tried 
to do its bit for systems analysis in limited magazine space. 
But some readers have been clamoring for the whole story. 
So we've cornered the tinted paper market and in this issue 
present a complete systems analysis case history. It starts 
on page 65. It all began when Bill Vannah recalled field 
chats with Sverdrup wad Parcel engineers about their epic 
analysis of a wind tunnel. Bill asked them to compile a 
junior-sized version of one portion of this job for us. ‘They 
complied. A very bulky MS came through the mail and 

Ed Kompass spent the better part of a week organizing it 
to a trim but telling 16 pp. 


EDITORIAL HAT TRICK 


In early September our staff will attempt the neatest edi- 
torial hat trick of the month. They will be on hand in our 
booth at the Production Engineering Show on Chicago’s 
Navy Pier, Sept. 6-16. And they will also occupy our 
booth at the ISA Exhibit in Los Angeles’ Shrine Audi- 
torium, Sept. 10-16. Oh, yes. They do have the October 
issue to get out at the same time in New York. 


OUR DOWN-EASTER SOWS AND REAPS 
SOME ODES 


Watch Bill Vannah and you'll get a lesson in the Law 
of Conservation of Energy. On May 17 he addressed a 
crowded grand ballroom in New York’s Hotel Commodore 
on halenation: Myth or Miracle?” Questions from the 
American Management Association audience were thick 
and fast. Bill countered well and then sidled up to the 
voicescriber and got copies of all queries. ‘The reason? 
With Maine astuteness, Bill saw how to get real mileage 
out of his stint on the podium. His idea? A round-up 
based on the questions, which we'll publish soon. 


GENE HAS HIS SAY 


Consulting Editor Eugene Grabbe firmly believes thai 
the control engineer has a future in business data process- 
ing. What's more, Gene can back up his belief—since 
he’ s a topnotch control engineer and computer specialist. 
And a highly articulate one at that. So we are delighted 
to have Dr. Grabbe air his favorite theme as guest edi- 
torialist this month. Read it on page 47. 





WITHOUT LEAKAGE OR 
CONTAMINATION 


Lapp PULSAFEEDER 
CONTROLLED-VOLUME CHEMICAL PUMP 


If your process requirements demand accurate handling of corrosive and 
non-corrosive liquids, here is the pump for the job. The Lapp Pulsafeeder is a 


piston-diaphragm pump... it has positive displacement with no stuffing box. The product 
being pumped is isolated from the drive mechanism by a hydraulically balanced 


diaphragm, thus preventing leakage or contamination of the product. 
Pumping speed is constant; variable flow results from variation in 
piston-stroke length... controlled manually by hand-wheel, or, in 
Auto-Pneumatic models, by instrument air pressure responding 

to any instrument-measurable processing variable. 


WRITE FOR BULLETIN 440 with typical applications, flow charts, 
description and specification of models of various capacities and 
constructions. Inquiry Data Sheet included from which we can make 
specific engineering recommendation for your processing requirement. 
Write Lapp Insulator Co., Inc., Process Equipment Division, 

393 Wilson Street, Le Roy, N.Y. 
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In response to many requests, G. M. 
Giannini & Co., Inc. now offers a new 
LOWER PRICED model in the high 
performance SPIRALPOT. Having the 
same infinite resolution and noiseless 
slide wire operation as the other 
SPIRALPOT models, the new Model 
85175A is available with a bushing 
mount, sleeve bearings, and linearities 
of +0.1% and +0.05%. 


FEATURES: 


85175 


move. 


Weight: .13 Lbs., Dia 


1.5” Resist: 2 ohms 360° to 
250 ohms/360 B 
) turns standard 


Rated 


per 10 turns 


5 watts 


MODEL 
SSITIA 


1 to 10 turns Lineari- 

+ 0.1% to +-0.025%. 

Resistances: 2 to 2500 
ohms. Bali Bearing: 


ties: 


Syncro- 


mount. OTHER 


MODELS 
AVAILABLE 


11 to 40 turns. 


Giannini 


Product of Electromechanical Division 
EAST ORANGE, NEW JERSEY 


for information write 
G. M. GIANNINI & CO. INC. 
PASADENA 1, CALIFORNIA 
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Economy Look 
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lo THE Eprror— 

Apropos of Russ’s diagram on page 
+ of the April issue, here is one, a 
very simple one, which has completely 
baffled me: 

(See cut above) 

No wonder the economy is 
stable—the feedback is 
backwards. 


un- 
hooked up 


Grosvenor M. Cross 
Brooklyn, N. Y. 


According to Mr. Cross’s diagram, 
the reason for spiraling wages is that 
the feedback of living costs to wage 
contracts is regenerative. In the in- 


PROBLEM FORUM 


Last month’s prize problem 
came from Germany. You'll see 
its solution in August. And now 
we have a French poser on 
temperature response in ovens. 
Let’s have your answers. And 
some domestic queries, too. 
They may bring you a few 
dollars. 
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terest of stabilizing the economy, we 
suggest to collective bargaining tech- 
nicians that they reverse the feed- 
back from positive to negative.—Ed. 


Timely, Terse, But in Reverse 


To THE Eprror 

I enjoyed your article |May issuc 
on “Error Analysis During Design” by 
William Allison very much, in spite 
of the fact that the pages were trans 
posed. This article came at a very 
opportune time, insofar as we are con 
cerned, since we have completed a 


July’s Prize Problem 


lo THE Eprror— 

Show how to determine, by mathe 
matical or graphical analysis, the tem 
perature response of various types of 
ovens: 

radiation oven 

oven with burners 

KRYPTOL oven (complicated 
because heating resistance de 
creases with temperature). 

Ihe engineer of a study bureau is 
often not equipped to handle prob- 
lems of this kind. Misunderstanding 
of the principles of calculation leads 
to grave errors in application. 

Societe d’Electro-Chimie, 
D’Electro-Metallurgie et Des 
Acieres Electriques d’Ugine 
Lyon, France 
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rather exhaustive search for material | 


on this subject and found it in short 
supply. 

We were rather disappointed to see 
that this article contained no bibliog- 
raphy. Since nearly all other articles 
in your magazine contain bibliogra- 
phies, we feel that there may have 
been an omission in this case. If this 


is so, we would like to have a copy | 


of the bibliography. 
C. L. Opitz 
Stavid Engineering, Inc. 


Plainfield, N. J. 


Author Allison, responding to 
reader feedback, offers the following 
bibliography on error analysis and 
probability—Ed. 

1. Introduction to 
Probability, 
Hill Book Co. 

. Sequential Analysis, Wald, John 

Wiley & Sons, Inc. 

. Components Handbook, MIT Ra- 

diation Laboratory Series, Black- 

burn, McGraw-Hill Book Co. 


Mathematical 


. Treatment of Experimental Data, | 


Worthing & Gaftner, John Wiley 
& Sons, Inc. 


Practice Makes Perfect 


lo THe Eprror— 

At the Network Synthesis Sympo- 
sium in April, the panel group of ex- 
perts on “The Practical Implications 
of Synthesis” agreed almost unani- 
mously that the way to get synthesis 
used by practicing engineers was to 
write articles they could understand 


in magazines the engineers read. So | 


you're right up in the vanguard 
Dr. Louis Weinberg 
Hughes Research ¢* Development 
Radar Division 
Culver City, Calif. 


A Matter of Taste 


To THE Epiror— 


Whose idiotic idea was that horri- | 


ble COLOR on this month’s (May) 
cover? 

Will you use limed green on the 
June cover? It blends well, you know, 
on old girls’ hats. . . . 


A Horrified Subscriber | 
Toronto, Ontario, Can. | 


The cover color for May was ma- 


genta, in honor of George Boehm, our | 
former Managing Editor. Thank you | 
for suggesting a cover color for an- | 


other issue.—Ed. 


Boil and Bubble | 


‘To THE Eprror- 
I should like to bring to your at 


tention a type of automatic control | 


Uspensky, McGraw- | 








EAGLE \MuULIIFLEX 
(multiple circuit) reset timer 





For controlling operation phases of electrically energized de- 
vices in processing work. The Multiflex Reset Timer closes 
and opens one to six circuits during a time interval started by 
push button, limit switch or other means. It’s the only mullti- 
ple circuit timer that provides a calibrated scale for quick, 
independent adjustment of each circuit. Time changes are 


made rapidly by moving a 
simple slide adjustment. Set- 
tings are possible to 1% of 
full scale. Vernier knobs are 
provided for use where more 
accurate settings are re- 
quired. Multiflex Timers are 
available with time scales 
from 30 seconds to 5 hours. 
Send for free bulletin. 


TYPICAL TIME CYCLE 
PRESS BUTTON TO START 
{ (Time in Seconds) 
Oo 5 10 15 20 
ns 
CLAMP | 








| POSITION 
HEAT ON 





w 
TIMER HOLDING CONTACT 


| | 


a 
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Timer Resets—— ~ 


(0.4 seconds reset time required from full scale setting) 


MAIL COUPON TODAY 


EAGLE SIGNAL CORPORATION 
Industrial Timers Division, Dept. CE-755 
MOLINE, ILLINOIS 


Please send Bulletin 130 containing full data on 
Multifiex Reset Timer. 
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* 
New Information or interest to | | *£224c« 
Computer Engineers and Designers which is growing with great rapidity 


in the converting areas of organiza- 
tions such as ours. That control is 
the automatic registration of one proc- 


on the sugaeaenas: rot ess with another or the registration 

De caeue SuecuGasunsausesssensccsesasssasan' rH of multiple operations within a given 

NEW q susccssees process such as multi-color printing, 

| eee eo caesesssee OTE punching and laminating. The prob 

lem of registration is not peculiar to 

paper and film converting. It applies 

to the production of metal foil as 
well. 

The major manufacturers of con- 
trol equipment, photo-electric and 
otherwise, are involved in a contro- 

jacana versy over fixed rate controls versus 

: ; 7 rate-proportional and __ time-propor- 

oe tional controls. Examples of contro- 
versial applications are edge-guide 
systems and circumferential registra- 


Iransistors tt tion systems for large rotogravure 
° sane < ttt printing presses. 


An article clarifying the logical se 
lection of the proper types of pro 
portional control should produce a 
great deal of interest. It would apph 
RAYTHEON RF ro MeL Peet tt to all areas of the control field. 
TRANSISTORS , ' R. B. Lundy 

RE | ao Marathon Corp. 
A Menasha, Wis. 





TRANSIENT TIME VS. AL CUTOFF FREQUENCY FOR TYPICAL HIGH FREQUENCY U! 
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interchangeable Two Activated Readers 














without selection To THe Eprror— 
of components We were very interested in the 
GROUNDED EMITTER CURRENT GAIN VS. COLIECTOR CURRENT FOR CK760. CH761, C782 article appearing on page 50 of the 
SOSS0RSSSSSeESSSeeeE EEE Coo March 1955 issue of Conrrot ENcrI- 
year. In mass NEERING by J. P. Stewart and G. J. 
production for Leighton of Isotope Products, Ltd. 
several months. We have a manufacturing problem 
of controlling moisture in electrical 
made by the io = rot paper on a winding machine. The 
Raytheon article indicates that the use of radio- 
perfected fusion > AH active materials might be a conven- 
process that has ‘ auasuaesess: isauneene ient way of measuring the water con- 
already produced tent. 
nearly two million Reet sceeeeeee E. F. Huston 
transistors The Ohio Brass Co 
Barberton, Ohio 





successfully field 
tested for an entire 

















1 MILLIAMPERES 


| ‘To THe Eprror 

es In your March, 1955, issue there 
HIGH FREQUENCY TRANSISTORS — HERMETICALLY SEALED CASE is an article entitled ““Use Radioactive 
Collector Emitter Extrin. | Base . | Temp. Instruments,” written by Messrs. P. J. 
Type Base Current i Rise Bi csatens ; ’ 7 . 

Cutoff Cutoft= | Resis. | Amp “Ci Stewart and G. W. Leighton of Iso- 
uA mA uA ohms | Factor me. tope Products, Ltd. The information 
2N112/CK760 1 —1.0 0.5 75 40 5 0.62 contained therein indicates that the 
amiis /en7ei § - I “2 % po 10 0.62 density and weight measuring possi- 
2N114 /CK762 - l —1.0 0.5 75 65 20 0.62 ogegs  ~ a . 
bilities of this method are applicable 
to control a phase of our manufac- 
turing. 






































*Cutoff current measured at Ve = — 12 volts Note: above characteristics are average except where noted 
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William F. Quinn 
Yonkers, N. Y. 
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RELIABLE 


POWER 
FOR 

2’. BILLION 

SQ. FEET 

OF 

TIN-REFLOW 
PROCESSING 


seen 


RCA-857-B 
Giant high-power, 
mercury-vapor rectifier. 


Lia 


RCA high-power rectifiers give long-life 
service at Weirton Steel Company—a division 
of National Steel Corporation 


Tin reflow on steel strip, averaging 30” 
in width, is achieved with amazing speed, 
quality, and economy at Weirton Steel 
by means of electronic heating. Moving 
at the rate of 1,300 ft. or more per min- 
ute, the steel strip passes through high 
frequency heating coils, fed by a group 
of 200 kw electronic oscillators, which 
reflow the tin, producing a high quality 
coating. 

To supply the oscillator plate power 
for this high-speed electronic operation, 
Weirton uses 24 RCA 857-B’s in two 
banks of 12 tubes each. This rectifier 
installation has given an average tube 


life of 12,000 hours...a period repre- 
senting about 21/2 billion square feet of 
strip production. 


Here is another example of the way 
RCA Tubes are helping industry do a 
better job at lower cost. 

* ™ * 

When you need power tubes, recti- 
fiers, ignitrons, thyratrons, computers, 
phototubes, or RCA Tubes of any type, 
call your RCA Tube Distributor. (He’s 
listed in the Thomas’ Register.) For 
tube technical data, write RCA, Com- 
mercial Engineering, Section G-36-T 
415 S. Fifth Street, Harrison, N. J. 


RADIO CORPORATION of AMERICA 


ELECTRON TUBES 
® 
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HARRISON, Nod. 


pleased with the way Conrrot ENcr- 
NEERING is put together. It certainly 
fills a need, and in the short time 
since it was first issued, it has had 
quite an influence on my associates 
and myself. 

Specifically, thank you for the non- 
bookish text, emphasis on “how to”, 
the lucid line drawings, graphs, and 
tabular material, and last but not 
least, the freedom from article ser- 
monizing on the great future of auto- 
mation. 

George H. Amber 
Detroit, Mich. 


Look Up 


To THE Eprror— 

For the sake of trying to see our- 
selves as others see us, engineers who 
are deep in the problems of control 
engineering should lift up their gaze 
long enough to note the January 22 
edition of the Saturday Review, an 
issue devoted entirely to Atoms and 
Automation in its editorial depart- 
ments. 

I found myself agreeing with little 
that was written therein, or feeling 
that the authors had missed the point 
many times. But then, have a look for 
yourself, if you did not do so when 
the magazine was published. 

Glen M. Dodd 
San Diego, Calif. 


An article, “Mechanical Mice,” and 
an editorial, “Time to Think,” in opus 
cite may remind control engineers of 
their responsibilities to society, but 
through it all runs a strain of nostalgia 
for “the good old days” when today’s 
“double-<lomed robots” were still fig- 
ments of the imagination.—Ed. 


Errata 


With our face the hue of our May 
cover, we note errors in author Taka- 
hashi’s article, “Graphically Deter- 
mine the Dynamics of Heat Percola 
tion”, Please make these corrections 
in your file copies: 

l. In Figure 1, “heat flow” should 
read “hot fluid’. 
2. Delete the equal sign after the 
comma on the fifth line in the left 
column of page 48. 
3. In the sixth line of the caption 
for Figure 4, add subscript i to @, 
and @,’. And in the seventh line of 
the caption’s right column, add sub- 
script 1 to 4,. 
4. In the first equation on page 50 
add subscript 1 to @. 
5. In equation (c), delete the minus 
sign ahead of R/L and replace it with 
an equal sign. 

The Editor 





A SHORTCUT 
FOR GETTING 
DATA FAST! 


~ 

i 
i — 
- 





Mw 


SUPER-SLEUTH 
RECORDER R1021-D 


For Analog, Digital and 
"On/Off" Sequential Data... 
in the air or on the ground. 


ARAMA AMIR EBB. 




















LIGHT... COMPACT 
Height: 10” 

Width: 10” 

Depth: 10” 
Weight: 40 Ibs. 


Teledeltos electro-sensi- 
tive chart... high-speed, 


FEATURING : - s | instantly-visible writing 


without ink or moving 


. = iting elements. 
@ Ease of visual readability. ———— 


@ 212 writing styli unaffected by vibration and shock. 
The Super-Sleuth Recorder R1021-D has many 


@ Simplified semi-automatic and automatic x . : RLS 
commercial and industrial applications in auto- 


data reduction techniques. ; : ——e F 
matically testing, monitoring, measuring and 


@ High capacity simultaneous sequential data recordings. recording data for management evaluation, 


@ Low cost per channel of recorded data. 


Radiation, Inc. fixed multi-styli recording systems, featuring large data handling 
capabilities, help to economically simplify the solutions to instrumentation problems 
in Aircraft, Missile, Chemical, Mining, Petroleum and other industries. We invite you 
to submit your inquiries and application problems. 


nO 


ene FOR FULL DETAILS — RADIATION, Inc. 


Dept. 100 * P.O. Box #37 * Melbourne, Florida 
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RUGGEDIZED INSTRUMENTS, 


ROLLER-SMITH 


Provides One Source 
for All Your Instruments 


With the introduction of A.C. Rug- 
gedized panel instruments, Roller-Smith 








has made their famous precision instru- 


oe % Ly 


’ ment line one of the most complete ever 
A.C. VOLTS % offered . .. one which provides you with 
a single source of supply for all your 
instrument needs. 

Styled by leading industrial designers 
and featuring an eye-appealing “New 
Look,” the A.C. Ruggedized line matches 
other Roller-Smith panel instruments 
and provides maximum readability, ac- 
curacy, and maintenance simplicity. 
Available in 21/,” and 31/.” hermetically 
sealed cases, these instruments conform 
to specification MIL-M-10304 (Sig. C). 
These A.C, Ruggedized instruments, like 
all other Roller-Smith products, are pro- 
duced by master craftsmen with nearly 
50 years of precision engineering and 
manufacturing experience. Whatever 


An extra feature—new ‘wrap around” your instrument problem, consult us for 
shroud with gasket seal makes these meters = 2 , 
@& modern in appearance as they are de- a practical, economical solution. 
pendable in performance. Precisely built, 
their neat functional form expresses the 
forward thinking of our engineers. - 
al ign: 

Y OE UU 16 ' UHM 
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1825 WEST MARKET STREET > BETHLEHEM, PENNSYLVANIA 


Precision Products Since 1908 
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CONTROL 
PERSONALITY 


LOUIS and FRANCES BAUER 
ride herd on cyclone 


Surely, somewhere some lecturing pundit he 1s said, 
“Mathematics is the conscience of science.’ 
‘Twelve years ago a Brown U niversity physics in 
tructor had compelling reasons to test this truism. 
Officially, of course, his visits to the nearby mathe- 
matics department were for guidance in forging a 
Doctor's thesis in alteseonics and acoustics. But 
he also found time for equating a relationship with 
a charming lady mathematician in the department. 


Conscience can become 
a refreshing habit 


Today, as Director of Project Cyclone for Reeves 
Instrument Corp., Dr. Louis Bauer continues these 
sensible and refreshing consultations. Breakirg 
away from the static breadboards of his analogs, he 
strolls to a clicking, whirring, mathematical oas's 
presided over by that same young lady—now Dr. 
Frances Bauer, and the both for 
Cyclone and its Director. 

Louis Bauer got his Doctorate in June, 1948, and 
then responded to a Reeves bid to work in its sprout- 
ing analog computer project for the Navy. Frances 
Brand, meanwhile, wrote her thesis in applied 
mathematics late that summer. But she was Dr. 
Brand for only two weeks. After the honeymoon Dr. 
Frances Bauer joined Brooklyn Polytechnic Institute 
as a research associate in aeronautical structures. 

At last, in 1950, Louis Bauer could stop ‘phoning 
Brooklyn for mathematical advice, for Frances came 
to Reeves as a senior mathematician on the project. 
But the Bauers had only one year to team up on 
Cyclone before Louis went to W ashington and onto 
the research staff for the David ‘Taylor Model Basin. 


“coeaplenee” 


The Bauvers team again— 
and digits join analogs 


After a year in Washington Louis Bauer returned 
to Reeves to head up Cyclone. One of his first 
sub-projects was to enable Frances to more actively 
exert her mathematical “conscience”. An Elecom 
digital computer was installed, with Frances at the 
helm to check on analog programming. 

In Project Cyclone a formidable collection of 
Reeves analog equipment pre-checks the design and 


HIS and HERS: Louis Bauer hovers while Frances checks a 
Cyclone problem. Facing Frances are the panels of her digit- 
juggling Elecom 100 computer. Not visible, behind Louis, are 
his silent analogs. 


performance of guided missiles and aircraft, such as 
LARK, REGULUS, and CUTLASS. Once a 
problem is set up, the analogs rapidly produce solu 
tions as conditions are fed in. However, before the 
problem is run off, Frances Bauer programs its dupli 
cate on the Elecom and compares results with one 
set of data. Usually there is a remarkable correla 
tion between analog and digital. But if there is 
variance, the discrepancy is run down before tests 
begin. 

Louis and Frances Bauer maintain a devoted and 
pleasant vigil over Cyclone. ‘They are inveterate New 
Yorkers and dote on the colorful river traffic and 
excellent foreign cookery near their East Side apart 
ment. ‘They are only a short ten minute walk from 
Cyclone and often stroll in at night or weekends to 
smooth or speed a project. 

Friendly, articulate, and buoyantly young, the 
Bauers sometimes find it hard to be scientifically im 
personal about Cyclone problems. For example, 
Cyclone’s tests predicted a new, carrier-based jet 
would “stagger into the air’, and possibly into the 
drink. Pronto the pioneer launching was postponed 
for design changes. Only then did visions of wet and 
woeful airmen cease to haunt Louis and Il'rances. 
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COMMUNICATIONS 
EQUIPMENT 

such as: 2-way 
radio. Telephone 
and paging 








systems. Tele- 
printers and 
facsimile. Indus- 
trial television. 








Special signaling 
equipment. 
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EQUIPMENT 
COMPONENTS 


such as: Air and 
hydraulic 
mechanisms. 
Mechanical 
activators. Brakes, 
clutches and other 
drive mechanisms. 
Electrical, air and 
hydraulic motors. 


INSPECTION AND 
GAGING EQUIPMENT 


such as: 

Air gages. Strain 
gages. Beta ray 
thickness gages. 
X-ray gages. 
Optical gaging 
equipment. 


MONITORING 
EQUIPMENT 

such as: Recording 
and control equip- 
ment. Electronic 
devicés. Switches, 
relays and electrical 
components. 
Counters and 
computers. Mass 
spectrometers. 


HANDLING 
EQUIPMENT 


such as: Conveyors, 
Cranes, Hoists, 
Moncrails, 
Pneumatic tubes. 
Clamping, rotating 
and positioning 
equipment. Loading 
and unloading 
equipment. 


GOVERNING 
EQUIPMENT 


such as: Devices 
for tramp iron 
removal. X-ray, 
fluoroscope and 
photocell devices. 
Limit switches 
and governors. 


—, + aaaaae 
EQuiP 


such as: Sine 
heat treating and dry- 
ing furnaces and 
ovens. Abrasive blast- 
ing and other finishing 
equipment. Engineered 
Paint systems 
Weighing and propor- 
. tioning equipment. 
MACHINE TOOL 
ACCESSORIES 


such as: 
Bearings, Cutting 
tools, coolants. 
Chucks, dies, 
jigs. Lubrication 
systems. Portable 
tools. Power 
transmission 
equipment, 
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An exposition that does something 
about AUTOMATION. In one place 
at one time you can see the practical 
things—mechanisms, instruments, con- 
trols, handling devices, data proces- 
sors, hydraulic, electric, mechanical, 
and pneumatic components—that you 
can apply right now to make your pro- 
duction and processing more automatic. 


There’s no blue sky about this show. 
It’s been designed for the production 
function in industry, leveled at the men 
who must re-engineer production and 
processing lines now to cope with ris- 
ing costs and hot competition. 


There'll be hundreds of exhibits by 
leading companies. There'll be thou- 
sands of technical experts eager to 
show you how to get more output from 
your existing plant facilities. 
AUTOMATION is here. Today. The 
things you learn at the Production 
Engineering Show can go to work for 
you immediately to cut costs, to im- 
prove production performance. 


You can see the great 


MACHINE TOOL SHOW 


too! 


Your registration badge will admit 
you, at no additional fee, to the world- 
important Machine Tool Show — the 
first since 1947 — at the International 
Amphitheatre, Chicago, concurrent 
with the Production Engineering 
Show. Don’t miss it! Shuttle buses will 
run between shows. 





See the 
practical elements 
of automation 


that can be 


applied to your 


production and 
processing 
right now! 


PRODUCTION 
ENGINEERING 
SHOW 


SEPTEMBER 6-16, 1955 
NAVY PIER, CHICAGO 


OM ot Selcoleat-talels le o> delet jletelal 


Tickets: 


To expedite your registration at the Production En- 
gineering Show, write for Rapid Registration Cards to: 


Clapp & Poliak, Inc. 
Exposition Management, Dept. PES-1, — 
' 341 Madison Avenue, New York 17, N. Y. 


oes. 
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WHAT'S NEW 


Control Combats Elemental Forces: 


FIRE... SMOG. 


During the past few weeks some 
1outine control events took place at 
widely scattered points. Individually, 
at least, they really do look routine. 
But grouped together they may sug- 
gest a trend—or even a movement—to 
those who dabble in control philos- 
ophy. For it appears that our tech- 
nology has finally transcended dealing 
with nice hardwarish things and proc- 
esses. It is now coping with Forces. 

What are the Forces? Fire in New 
England. The air in Southern Cali- 
fornia. ‘Thirst in Denmark. And con- 
fusion and din in New York. How 
elemental can one get? 

In Norwood, Mass., on May 10 a 
fire was started in a _ building to 
demonstrate how feedback could help 
put it out. This dramatic test was 
the brainchild of Wasco Products, 
Inc., of Cambridge, Mass., in coop- 
eration with Factory Mutual Labora- 
tories. It featured Wasco’s brand-new 
fire-control device, ““Pyrodome,” a 
fuse-actuated automatic heat vent for 
the roofs of large open-area buildings. 

Although it works on the simplest 
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.. BEER... DATA.. 


control principles, the Wasco system 
made a formidable showing in the 
test. When heat in the building be- 
low fused its link, the plastic dome 
sprang open to vent off Btu’s, smoke, 
and gases to confine the fire to a 
small area. In effect, it acted like a 
self-materializing fireplace. 

Since its aim was to provide usable 
data, the test fire was not wild and 
woolly. Heat was supplied by burning 
gasoline pumped through a calibrated 
flow meter to spray nozzles. At 5 gpm, 
this released an astounding 600,000 
Btu per minute—a lot of fire for a 
60-by-40-ft plant bay. Air tempera- 
tures were measured by thermo- 
couples in, near, and close to the fire. 
High-speed records were made on two 
strip charts (see cut). 

Analysis of test records showed that 
temperatures dropped sharply as the 
venting area increased. Thus the fire 
was not only automatically confined 
and at the same time attenuated, but 
was also made more tolerable for in- 
fighting firemen. The results were 
impressive enough to prompt a special 


FIRE CONTROL was dramatized on this 
Norwood, Mass., rooftop. Heat from below 
actuated this automatic vent to localize 
the conflagration below. Test recorders 
authenticated the results. 


.&... DIN 


report on the system by Factorv 
Mutual. This bulletin is couched in 
FM’s usually cautious style, but posi- 
tive enough to make it must reading 
for non-military fire-control engineers. 

In Pasadena on April 18 engineers 
from many U. S. cities converged on 
the Huntington-Sheraton Hotel to 
pow-wow on ways to control air pollu 
tion. This was the third national 
meeting on this subject, and two focal 
points were obvious from paper titles: 
1) a specific preoccupation with smog, 
particularly the Los Angeles brand, 
and 2) new ways and means to meas- 
ure this pollution. 

Some of the new measuring tools 
for smog are intriguing. Dr. Ralph 
Stair of the National Bureau of Stand- 
ards is concerned with passage of 
spectral radiant energy from the sun 
through the stuff. University of Cali- 
fornia’s Dr. W. D. Hershberger is 
using microwave techniques to study 
smog composition. H. W. Patton and 
J. S. Lewis of Tennessee Eastman be- 
lieve proper analysis involves gas 
chromatography. And digital tech- 


SMOG CONTROL seems to be des- 
perately needed in this air view of a 
prominent western metropolis. 





BEER CONTROL for thirsty, unmelancholy Danes occurs 
through this automatic 2,500 bpm router. 


niques are being turned on smog by 
Armour Research Foundation, Indiana 
University, and Johns Hopkins. 

Some possible conclusions from 
this meeting: The stage has been 
reached where what has to be meas- 
ured is known. Now the problem in 
the works is how to measure it. And, 
perhaps, in three or four years how to 
control smog will be achieved through 
some kind of feedbock system. As 
Doc Mason might say, “It’s imevi- 
table.” 

In Copenhagen an efficient control 
svstem will help slake the thirst of 
one million Danes this sunny Scan 
danavian summer. Well, beer-drink 
ing Danes, anyway. The system: a 
very fancy, flexible, automatic bottle- 
routing operation made by Alvey Fer- 
guson Co. of Cincinnati, and installed 
in Copenhagen’s Tuborg brewery. 
The results: very little time between 
“‘skols,” since 150,000 bottles per 
hour now automatically pour from the 
brewery via fast city delivery trucks 
into thirsty Danish throats. 

I'wo Ferguson control systems—one 
for outgoing beer, one for returned 
empties—do the job through a central 
graphic panel under one operator. 
Photocells along incoming and out- 
going conveyor belts pick up and 
signal movements. The operator 
watches his lights on the graphic panel 
and pushes buttons to switch remote- 
controlled routing tracks. Photocell 
impulses also count outgoing cases 
and automatically dispatch a desired 
number to each waiting truck. Trucks 
move through the plant like pastries 


through a Danish kitchen. As the 
driver unloads his empties, his order 
goes by pneumatic tube to the office, 
where it is processed. A copy of the 
order goes to the control room. Un- 
loaded, he drives an assigned truck 
onto the loading platform. The con- 
trol room dials the number of items, 
which are automatically served in 
from various areas, and starts track 
feeding the waiting truck at 50 cases 
per minute. Since the track—from 
switchyard to loading dock—holds one 
full truckload of cases, the driver can 
start and stop his delivery conveyor 
at the necessary point. 

In New York City on May 11 five 
hundred executives slipped away from 
deskjams of paper to jam themselves 
into the Hotel Biltmore’s Music 
Room for a practical pitch on how to 
control paperwork. Their host, Stand- 
ard Register Co. of Dayton, Ohio, 
put on a good show. Since it makes 
the paper forms for data-processing 
and not the equipment, it could take 
a broad, across-the-equipment-board 
view. Hence its talk and working 
platform demonstration focused on 
twelve different makes of hardware 
and their use in an integrated system. 

Here is the lineup of components 
that Standard Register put through 
paces using omnipresent S. R. forms: 
Addressograph’s Automatic Grapho 
type; Bell Systems’ automatic sending 
and receiving teletypewriters; Com 
mercial Control’s Flexowriter;  Fri- 
den’s Add Punch; IBM’s tape-to-card 
converter; Remington Rand’s tape-to 
card converter; Underwood's tape-to 


WHAT’S NEW 


DATA CONTROL was the object of this brisk name-brand 


equipment act on a New York hotel stage. 


card converter and Electronic Code 
Writer; Victor's digital printers; Visi 
record’s tape storage element; Western 
Union’s teleprinter and reperforator; 
W heeklex’s tape storage element. How 
this field and its hardware are growing! 

While the fascinating click and 
clack of data-processing equipment 
seem to draw comptrollers and office 
managers like flies, there are some en 
who function inversely with 
din. IHlence the “Quiet Room,” or 
packaged noise control. The “Quiet 
Room” made by Industrial Acoustics 
Co., New York, is a_ prefabricated 
room with high noise reduction in all 
frequency bands 


gincer 


It comes in six sizes 
and can be set up wherever those hy 
persensitive to hubbub work. Assum 
ing what can’t get in, can’t get out, 
this dinless box might also make a 
functional play-house for Junior. 


AND DIN can be controlled—or obfus 
cated—by this soundproof box for intro- 
verted engineers. 
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INSTITUTIONAL DOINGS 


Academically speaking, control has 
no summer slump. In fact, this is the 
time of year when many control engi- 
neers in industry can go back to ivy 
halls for that needed refresher. Some 
of the incentives: 

Purdue—A three-day conference on 
Systems Engineering is planned for 
July 25-27. Some of the lecturers: 
Control Engineering’s Bill Vannah, 
on control evolution; Donald McDon- 
ald of Cook Research Lab and J. M. 
Harrer of Argonne, on servo theory 
and application; J. G. Truxal of 
Brooklyn Polytechnic, on network 
theory and its application to process 
control; J. R. Clark of Purdue, on 
analog computers in control; and J. R. 
Ragazzini of Columbia U., on the 
effect of noise in control. 

Wisconsin—An eight-week summer 
session in Advanced Servomechanisms 
and Automatic Control Theory starts 
June 27. Professor T. J. Higgins will 
conduct the course. Write him for 
the outline and you'll see a truly com- 
prehensive, beautifully organized ap- 
proach to the subject. It’s an am- 
bitious program for eight weeks and a 
tremendous value for the modest $70 
fee. 

M.1.T.—This Cambridge institution 
continues as a hotbed of automatic 
control despite lures of summer boat- 
ing on the Charles. Three of the spe- 
cial courses: Survey of Numerical 
Analysis Principles and Techniques, 


DATA PROCESSING HITS THE ROAD f 


or the Benson-Lehner Corp. in this $100,000 


equipment-packed 40-ft coach. Youthful President Bernard Benson, sitting up front, 


predicts a big sales boost. 


June 20-July 1; Noise in Electronic 
Devices, July 18-29; and Fundamentals 
and Applications of Strain Gage ‘Tech- 
niques, July 25-August 5. 


COMPUTER ROUNDUP 
IRS Takes a Hunk of Univac 





Ihe Internal Revenue Bureau is 
overtaxed. A lesser-known part of its 
job is to statistically analyze incoming 
data on its 85 million “clients”. This 


SUPERSONIC WIND TUNNEL at Moffet Field, Calif. (model shown) will use a 
“Datatron” computer to digest data from Mach 3.5 tests, 
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vearly 500-page report is now three 
vears behind. So IRS has latched onto 
a quarter-interest in the Census Bu- 
reau’s Univac to help get out from 
under. To do its job, IRS has also 
secured the world’s first punchcard- 
to-Univac tape converter and a 600 
lines-per-min printer. Eventual Bu- 
reau objective: to feed Univac tax info 
directly by teletype from branch 
offices and do away with punchcards 
entirely. 


MIRACLE Bails Out Dutch 





The Amsterdam Laboratory of the 
Royal Dutch Shell group of oil com- 
panies is now solving its product and 
process calculations with MIRACLE, 
a $450,000 electronic computer. Built 
by Ferranti, Ltd., of Manchester, 
England, its name is a contraction of 
Mokum’s Industrial Research Auto 
matic Calculator for Laboratory and 
Engineering. “Mokum” is a_collo- 
quialism for Amsterdam. 

MIRACLE has_ capabilities _ to 
match its name and cost. It will mul- 
tiply 12-figure numbers in one second 
and perform 32 separate operations. 
It employs both a magnetic drum and 
TV tube memories and can_ store 
about 16,000 arbitrary numbers of 12 
figures. 


Pipeline Deliveries Digitized 





In proudly announcing its tenth 
anniversary, Midwest Research Insti- 





Presents 2 New 
VOLTAGE 


REGULATED 
POWER SUPPLIES 


KEPCO Voltage Regulated 
Power Supplies are conserva- 
tively rated. The regulation 
specified for each unit is avail- 
able under all line and load 
conditions within the range of 
the instrument. 


REGULATION: As shown in 
table for line fluctuations from 
105-125 volts and load varia- 
tions from minimum to maxi- 
mum current. 


SPECIAL FEATURE: Provision 
is made for picking up the 
error signal directly at the 
load, compensating for the vol- 
tage drop in external wiring. 


Model 2600 


OUTPUT VOLTS CURRENT | REGULATION RIPPLE 
1 0-60 0-2 Amp. 5 Mv. 1 Mv. 


Model. 2650 | 30 MODELS 


AVAILABLE FROM 


OUTPUT VOLTS CURRENT | REGULATION] RIPPLE STOCK. COMPLETE 
1 0-60 0-5,Amp.] 5 Mv. 1 Mv. CATALOG ON REQUEST 
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WHAT’S 


a) 


NEW MEMORIES are blossoming out to best one of the 
drags on high speed computing. IBM’s above is a magnetic 
disc for quick access to 5 million characters. International 
Telemeter’s, right, also magnetic, is said to be world’s largest 
and will grasp a 40-digit number in 0.000.015 sec. 


tute let a fascinating cat out of its 
bulging computational bag. It re- 
vealed the completion of a research 
project in applying data-processing to 
fluid-carrying pipeline network  ter- 
minals. Mathematical analysis involv- 
ing queuing theory and Monte Carlo 
methods showed that waiting time at 
the truck-loading facilities could be re- 
duced appreciably. The Institute’s 
digital computers and its Mclllroy 
pipeline network analyzer were used 
in the calculations. As Midwest puts 
it, the results are “the first step to- 
wards automation of the terminal de- 
livery system”. Too bad we couldn’t 
have tacked this technique onto the 
Pipeline Telemetering feature article 
in this issue (see p. 48). 


Next: Colorful Computation 





Oh, how those fertile imaginations 
worked overtime! We refer to RCA’s 
recent unveiling of its prototype sys- 
tem for storing color television and 
transmitting it from a magnetic tape 
developed by Minnesota Mining & 
Manufacturing Co. Imagine compar- 
ing Miss America 1975 against the 
stored memory of previous curves—in 
color, yet! Or, more stodgily, working 
out a continuous pictorial feedback 
system for quality control of indus- 
trial products for color, dimension, 
and even dynamic motion. The actual 
demonstration that spurred these 
fancies was a color tape transmission 
from New York to St. Paul of a pro- 
gram featuring General Sarnoff, 
Bambi Lynn and Eddie Fisher. They 
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talked, sang, and danced their way off 
the tape with aplomb. 


important Moves 
by Key People 


> Harold R. Nelson, general super- 
visor of electrical engineering at 
Geneva Works of United States Steel 
since 1951, has been appointed chief 
research engineer in the Research & 
rechnology Div. He will concentrate 
on automatic controls, instrumenta- 
tion, and mechanization. 

Glyn A, Neff is the new project 
engineer for data processing systems 
of Consolidated Engineering. Neff, 
who helped develop Consolidated’s 
MilliSADIC, now turns his attention 
to atomic reactors, jet engines, and 
guided missiles. 
>John A. Wiedmann has 
A. W. Cash 


search. 


joined 
Co. as director of re- 
He has been with Minnea- 


U. S. Steel’s Nelson 


Con, Engineering’s Neff 


polis-Honevwell and Schutte & Kocert 
ing Co. 

P Vice-president James F. Magin of 
Square D Co. has been appointed 
general manager of the Industrial 
Controller Div. 

> John W. Brubaker and Edward C. 
Light take on new duties at Summers 
Gyroscope: Brubaker, formerly chief 
engineer, becomes vice-president, en- 
gineering, and Light returns to the 
company as engineering assistant to 
the president. 

>John M. Wilson is the new chief 
engineer of the Development & De- 
sign Div. of the Engineering Dept. of 
Minneapolis-Honeywell’s Brown In 
strument Div. He has been chief 
electrical engineer of Honeywell in 
Minneapolis. 

> William M. Pease, the new vice 
president and general manager of 
Feedback Controls, Inc., has been 
vice-president and general manager of 
the Electronics Div. of Ultrasonics. 
Before that, as director of the Servo- 


’, Cash’s Wiedmann 
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INDEXING MACHINE 











AUTOMOTIVE 
STARTER SHAFTS 
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HEATING 
COILS 





FREE— 45 more ideas — Get this 76-page 
book. Shows in detail how designers of 
machines for many different industries have 
employed standard packaged electronic con- 
trols. Tells how they found new opportunities to 
reduce costs through simplification of design 
. . « how they developed order-getting user 
advantages. Shows you how easy it is to apply 
Photoswitch Controls for sorting, counting, start- 
ing, stopping, inspecting, indexing, adjusting, 
weighing, timing, limiting, safeguarding, etc. 


SEND FOR YOUR COPY NOW > 
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Precise Timing and Machine Protection 
in High-Speed Automatic Hardening Operation 


Problem: To ensure precise quality control while hardening automotive 
starter shafts in a special indexing machine. Also to prevent damage to equip- 
ment caused by indexing before shafts have cleared heating coils. 


Solution: Induction Heating Corporation in designing this special automatic 
hardening machine utilized a Photoswitch Photoelectric Control Set and 4 Photo- 
switch Electronic Timers. The shafts are automatically indexed over the heat- 
ing coils, then lowered into position. The unit hardens two zones of each shaft 
simultaneously . . . an operation requiring greater accuracy than necessary 
for ordinary heat timing operations. The Photoswitch Timers precisely regulate 
the critical periods of initial heat time, hold time, quench time and draw heat 
time. The shafts are then withdrawn and the Photoelectric Control scans 
between the bottom of the shafts and the top of the coils to ensure that all 
shafts are fully removed before fixture can index. It is estimated that to 
replace one damaged heating coil would cost more than the initial cost of this 
foolproof photoelectric machinery safeguard. 


Result: Precise quality control achieved through automatic timing — 1400 
hardened starter shafts per hour are produced. Damage to heating coils 
completely eliminated. 

In Photoswitch’s wide variety of “ready-to-use” photoelectric controls, liquid 
level controls, and timers, you will find controls that precisely meet your 


requirements. So .. . for the best solution to your control problems, remember 


the name, Photoswitch. 


A Photoswitch vision 


ELECTRONICS CORPORATION OF AMERICA 
Dept. P27-7, 77 Broadway, Cambridge 42, Mass, 


OTOSWITCH 


= 
Send FREE copy of “Cutting Production Costs with Electronic Controls.’ 
Name and Title............... 
Company... 
Address 


City ees iinlta aieinieeiteiicehearsiahowdnonbes State 


FIREYE DIVISION ee COMBUSTION CONTROL DIVISION ee BUSINESS MACHINES DIVISION 
PHOTOCONDUCTOR-TRANSISTOR DIVISION © MARINE DIVISION © MILITARY DIVISION 








| WHAT’S NEW 


mechanism Laboratory of M.I.T., he 
assisted in the birth of the institute’s 
numerically controlled milling ma- 
chine. 

P As the new chief electronics control 
enginecr in the Engineering & Pro- 
duction Div. of Airborne Instrument 
Laboratory, Lawrence J. Torn will co- 
ordinate production design of indus- 
trial control systems. 

> John J. Dempsey, named manager 
of the Components Div. of Servo- 
mechanisms, Inc., has been chief de- 
velopment engineer in the Eastern 
Div. since 1951. 

P Roy Schoenhaar, project supervisor 
in the Engineering Div. of Ford In- 
strument Co. since 1951, has been 
appointed assistant chief draftsman. 

> Ampex Corp.'s appointment of 
Harold V. Childs as manager of the 
Field Service Engineering Dept. puts 
him in charge of field service pro- 
grams of the Audio and Instrumenta- 
tion Divs. 

> Milo L. Voight, formerly controller 
of the Milford, Conn., operations of 
Norden-Ketay, has taken over as con- 
troller of the whole corporation. 

P Helipot has named Dawson Tea- 
ford, regional sales manager, liaison 
man between the corporation and the 
architects who are designing Helipot’s 
new $2 million main plant in New- 
port Beach, Calif. 

> Perkin-Elmer has elected John M. S. 
Hutchinson vice-president and _assist- 
ant to the president. Hutchinson was 


Feedback Control’s Pease 


Ford’s Schoenhaar 


instrumental in  Chrysler’s atomic 
energy project. 

> New engineering manager of Lear’s 
Grand Rapids Div. is T. K. Greenlee, 
formerly chief electro-mechanical en- 
gineer of the division. 

> Ralph L. Bayless, now chief engi- 


Airborne’s Torn 


Ampex’s Childs 


Servomechanisms’ Dempsey 


BS 


Helipot’s Teaford 


neer of Convair-San Diego, has been 
assistant chief engineer in the re- 
search, development, and_ technical 
sections. Bayless, who succeeds F. W. 
Fink, has had other important Con 
vair titles: chief of aerodynamics and 
chief development engincer. 
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Control station centered like orchestra podium 
for conducting new Hercules oxychemical plant 


Here is how Hercules Powder Co. 
circumvented the need for a graphic 
control panel at its new Gibbstown, 
N. J., oxychemical plant. ‘The control 


room (lower right corner of picture 
at Ieft) is located inside a “U” formed 
by the complete outdoor process. And 
its pancl instruments are placed in a 


corresponding arc inside. Hence, the 
operator can simply swivel to gaze out 
a picture window at the associated 
process unit. 
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See how Torti baile iielileleigeM-1( lois (Muleliel@micclilelelecMeltolm@ie-telllailole 
standard electric brake combine into a drive that gives the RIGHT 
horsepower, the RIGHT shaft speed, the RIGHT features . . . all in 
one compact unit. Nowhere else will you find power units that are 
so flexible, so easily adaptable, and in such a wide range of types 
lite Mee lilile Ee 

Master power drives are available in. thousands and thousands of 
ratings (Y% to 400 HP)... . in open, enclosed, splash proof, fan cooled, 
explosion proof .. . horizontal or vertical . . . for all phases, voltages 


and frequencies . . . in single speed, multi-speed and variable speed 


types . . . with or without flanges or other special features . . . with 


t-5 types of gear reduction up to 430 to 1 ratio... with electric brakes 


. with fluid-drive . . . with mechanical or electronic variable speed 
units . . . and for every type of mounting . . . Master has them all and 
so can be completely impartial in helping you select the one best 


power drive for you. 


THE MASTER ELECTRIC COMPANY * DAYTON 1, OHIO 





standard units 
easily combine into 
Special purpose drives 





Do you 
think about 
Angular 
Acceleration? -. 


BOEING 


does! 


...and uses Statham Angular 


Accelerometers to test... 


Statham unbonded strain gage liquid 
rotor angular accelerometers offer a 
simple, reliable means for the study of 
the rotary motion of a test body under 
conditions where a fixed mechanical 
reference is not available. For static 
and dynamic measurements in ranges 
from +£1.5 to +3,000 rad/sec2 four 
standard models are offered. 


Please request Bulletin AA2 


/ 
CMM , 
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ON THE WAY UP is this new fluid meter calibration laboratory for Fischer & Porter 
in Hatboro, Pa. Note the tricky new construction method. The concrete roof is poured 


on the floor, then raised. 











5 latin + 


ALREADY UP is this handsome new Raytheon Manufacturing Co. warehouse and sales 
office in a Chicago suburb. It has 30,000 sq ft of floor space. 


Around the 
Business Loop 


Shareholders of Remington Rand, 
Inc., and Sperry Corp. walked out of 
a meeting May 26 under a new 
banner: Sperry Rand Corp. Standard 
bearers for the new corporation, which 
had to,pass muster by at least two 
thirds of the shareholders of each 
company, are Gen. Douglas Mac- 
Arthur, chairman, and Harry F. 
Vickers, president and chief executive 
officer. Vickers has been president of 
Sperry Corp. 

The meeting consummated a mar- 
riage that had been the talk of the 
control field since the engagement 
about two months ago. Combined 
assets of the two companies are ex- 
pected to total about $484 million. 
Other new officers: James H. Rand, 
vice-chairman; John H. Sanderson, 
vice-president and secretary, and 
Bernard O. Reuther, vice-president 
and treasurer. 

At the meeting the two companies 
took, through their proxy statements, 
a first step: they announced that they 
will recommend to the new board an 
initial quarterly dividend of 16 cents 


per share to be paid on the new com- 
mon stock. 

Recently Conrrot ENGINEERING 

referred to Sperry Corp. twice—and 
both times incorrectly. (See What's 
New, May, 1955.) This consistency 
at least proves good intentions, and it 
is hoped that Sperry Corp., before it 
surrenders its identity, will accept 
apologies. 
PAs General Electric unveiled the 
home of its Specialty Control Dept. 
in Waynesboro, Va., the department's 
sister, Industry Control, was getting 
ready to move into its own new Vir- 
ginia plant, near Salem. Expected 
time: early in 1956. Both depart- 
ments are arms of the company’s 
Switchgear & Control Div. 

Dr. L. T. Rader is general man- 
ager of the new Waynesboro plant, 
a 19,000 sq ft structure, which, with 
its Salem counterpart, hopes to manu- 
facture enough electronic control 
equipment to meet a soaring demand. 
According to Dr. Rader, this demand 
will double in five years and triple 
by 1965. GE calls its Waynesboro 
installation the largest ever built for 
its specific purpose. 
> Magnasyne Mfg. Co. is organizing 
a new division, Automation Corp. of 





Over the twelve years that Fairchild has 
been making precision potentiometers — 
from our first unit (Type 736), on through 
the more than eighteen different types 
now in production — we have established 
and are carrying out a research and 
development program on new designs 
and materials, techniques and equipment 
that is constantly improving our 
potentiometer reliability. The results of 
this program are quickly applied to 
production units and these improved 
methods and designs are maintained by 
comprehensive quality control and 

type testing programs. 


how do you get it? 


Reliability in precision potentiometers resolves itself into three 
basic factors; longer shelf life, longer rotational life, and longer 
environmental life. Fairchild has increased the average shelf and 
rotational life expectancy of precision potentiometers far beyond 
usually expected life cycles, in one way, by compounding and 
using special potentiometer lubricants. Life expectancy and 
stability under abnormal operating conditions have been vastly 
increased through the use of precision-machined aluminum alloy 
case construction. Epoxy resin insulation, one-piece Paliney 
conductive springs and contacts, and precious metal alloy 
resistance elements, for certain applications, also contribute to 
increased life and functional reliability. Whether one or all of 

these factors of reliability are important to you, you'll do better to 
choose Fairchild Precision Potentiometers. For specific facts, 

write Fairchild Camera and Instrument Corporation, 

Potentiometer Division, 225 Park Avenue, Hicksville, 

Long Island, New York, Department 140-64C1. 


La iRGHILD 


PRRCISION POTENTIOMETERS 
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More Engineers on A-N and civilian projects are proving— 


It pays to specify 


AMPERITE | 


DELAY RELAYS 


onake| 


BALLAST REGULATORS 


... they re finest ... cost less! 


Thermostatic DELAY RELAYS 


MOST COMPACT, HERMETICALLY SEALED 
Provide delays ranging from 2 to 150 seconds. 


Actuated by a heater, they operate on A.C., 

D.C., or Pulsating Current. 

Hermetically sealed. Not affected by altitude, 

moisture, or other climate changes. 

Circuits: SPST only — normally open or nor- 

mally closed. 
Amperite Thermostatic Delay Relays are com- 
pensated for ambient temperature changes from 
—55° to +70°C. Heaters consume approximately 
2 W. and may be operated continuously. The 
units are most compact, rugged, explosion-proof, 
long-lived, and — inexpensive! 

TYPES: Standard Radio Octal, and 9-Pin Miniature. 


PROBLEM? Send for Bulletin No. TR-81 


Also — a new line of Amperite Differential Relays — 
may be used for automatic overload, over-voltage, under- 
voltage or under-current protection. 


BALLAST REGULATORS 


e Amperite Regulators are designed to keep the 
current in a circuit automati- - 
cally regulated at a definite [ae 
value (for example, 0.5 amp). 











MINIATURE 























7 
For currents of 60 ma. to 5 amps. ft 
Operates on A.C., D.C., Pulsating 
Current. 


AMPERITE 
REGULATOR 








Hermetically sealed, light, compact, 
and most inexpensive. 





T9 BULB 


Amperite Regulators are the 
simplest, most effective method for obtaining 
automatic regulation of current or voltage. Her- 
metically sealed, they are not affected by changes 
in altitude, ambient temperature (—55° to 
+90°C), or humidity. Rugged; no moving parts; 
changed as easily as a radio tube. 


r-2 


BATTERY VOLTAGE 


Write for 4-page 
Technical Bulletin No. AB-51 


Pian CO. Inc., 561 Broadway, New York 12, N. Y. 


60 King St. W., Toronto 2B 


In Canada: Atlas Radio Corp., Ltd 
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WHAT’S NEW 


Henry F. Dever, new SAMA president, 
gets the gavel from outgoing Edward J. 
Albert. Dever is also President of Honey- 
well’s Brown Instrument Div. and Albert 
heads up Thwing-Albert Instrument Co.— 
both of Philadelphia. 


America, which will produce equip 
ment for controlling milling machines 
and lathes by magnetic tape. A small 
manufacturing plant with 10 milling 
machines could be doctored for con 
trol for less than $100,000, according 
to Magnasyne’s_ president, J. D 
White. 

> Norden-Ketay _ has 
manufacturing functions into two 
new divisions. General manager of 
the Precision Components Div., New 
York and California, is Robert | 

Carleton. Its specialty: precision servo 
mechanisms and other electronic com 
ponents. Ernest J. Greenwood, Jr., is 
gencral manager of the Instrument & 
Systems Div., Milford, Conn. Its spe 
cialty: precision instruments and auto 
matic control systems. 

The Norden Laboratories Div., 
White Plains, N. Y., under Executive 
Director L. T. E. Thompson, will 
continue research and development as 
a separate section. The realignment, 
according to President Morris F. 
Ketay, “lends itself to future growth 
with minimum disturbing effect on 
current profitable production.” 
> The Giannini DATEX Div., a new 
arm of the company’s Laboratory Ap- 
paratus Div., will pitch into the LA 
division’s backlog of orders for digital 
data handling systems. 
> Robertshaw-Fulton Controls Co.’s 
American Thermometer Div. now is 
American Controls Div. 

Among recent or proposed acquisi 
tions: 

P Advance Electric & Relay Co. by 
Elgin National Watch Co. This is 
the third manufacturer of miniature 
electronic components to be acquired 
by Elgin, others being Neomatic, Inc., 


channeled _ its 





and American Microphone Co. Presi- 
dent Fred W. Falck, Jr., and other 
top officers will remain temporarily 
with Advance, which will be directed 
by A. P. Barton, general manager of 
Elgin Neomatic. 

> Ahrendt Instrument Co. by Litton 
Industries. Ahrendt’s president, Wil- 
liam Ahrendt, will become an execu- 
tive of Litton. 

> Todd Co. by Burroughs Corp. (pro- 
posed). ‘Todd would become a sub- 
sidiary of Burroughs and its president, 
George L. Todd, and other officers 
and personnel would remain with the 
company. 

Additional emphasis on control 
equipment and systems designs are 
reflected in the annual (1954) state- 
ments of three companies: 
> Though much of its work is classi- 
fied, Lear, Inc., can report a spurt of 
military interest in its gyros, flight 
controls, fuel control valves for special 
fuels, fast response servos, etc. Many 
of these components are being in- 
cluded in advanced missile develop- 
ments and weapons systems, indicat- 
ing quantity production soon. Lear's 
dollar volume of sales has increased 
despite reduced selling prices per unit. 
lotal sales were $54,220,637, up 
$3,386,727 or 6.6 per cent over 1953. 
Net earnings totaled $2,202,727, an 
increase of $939,354. Backlogs 
amounted to $45.7 million at the end 
of the first quarter of this vear. 
> l‘stablished by Consolidated Engi- 
neering Corp. during 1954 were its 
new clectronic computer affiliate, 
ElectroData Corp., and a Systems 
Engineering Div. for instrumentation 
and process control equipment. The 
latter is part of a five-year booster 
program for technical advancement, 
sales, and net profits. During 1954, 
the company’s best vear, sales totaled 
$15,644,520. 
> General Controls Co., which is 
shooting for a top spot in the appli 
ance controls field in 1955, points to 
its new central control panel, said to 
simplify installation problems. Dur- 
ing 1954 it put into action a diversi- 
fication program that is expected to 
put production and sales on a more 
even, vear-round keel. Sales volume, 
$19,052,577, was at an all-time high. 





FOR INDUSTRY 
AND RESEARCH 


versatile...fast... 
low cost 


G-15A 


GENERAL PURPOSE 
COMPUTER 


The G-15A is a stored program digital computer 
which performs arithmetic and logical operations at 
high speed. It incorporates an improved two- 
address command structure which permits greatly 
increased flexibility. 

The machine is convenient to operate, with all 
controls centrally located on the electric typewriter. 
It can be programmed to solve all classes of mathe- 
matical problems. The Computer will operate using 
single or double precision numbers. In addition effi- 
cient floating point performance is possible through 
the use of sub-routines. 

The Bendix is one of the lowest priced general 
purpose computers available. The machine is in 
production. 

The G-15A is unusually compact because of its 
advanced logical design and occupi¢s only as much 
space as two filing cabinets. 

MAIL THE COUPON TODAY 
OR WRITE FOR COMPLETE INFORMATION 


> Consolidated Avionics Corp., a new 
subsidiary of Consolidated Diesel 
Electric Corp., will develop and manu- 
facture servos, digital data reduction NAME 
equipment, and electronic instru 

mentation. President is Harry R. 

Glixon, formerly of Servo Corp. of | 
America. 


BENDIX COMPUTER DIVISION + 5630 ARBOR VITAE STREET, LOS ANGELES 45, CALIF. 


Please send information and prices on your G-15A Computers. 


| 








ee — —___—ADDRESS 


| EXPORT DIVISION: BENDIX INTERNATIONAL, 205 EAST 42nd STREET, NEW YORK, N.Y. 
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having trouble with 


MOTOR SPEED CONTROL? 


db designs motor 
speed controls for: 


® fractional to 50 hp DC drives 

® adjustable or proportional 
speed—continuously variable 

@ single or multiple pre- 
selected speeds 

® single or multiple locations 


send ws your 
problems 


The solution may be simple to our 
experienced staff. We'll quote 

on a design guaranteed to work. 
By calling us, you stand to save 
hours of shopping around and 
experimenting. Write today. 


If you're not getting the precision control 
you require, or you can’t make a system 
work, write us your problem. We'll design 
exactly what you need. Dressen-Barnes 
fabricates electronic motor controls that 
make operations automatic on machine tools, 
or in any system with measurable physical 
factors such as differences in temperature, 
pressure, electrical conductivity or fluid flow. 
We design simple or complex controls .. . for 
programming, sequencing or proportioning 
— controls for use on existing equipment. 
Illustration shows a typical example. 


db speed control for 
precision thread 
grinder 


Problem here was to get rid of a vibration 
in the feed motor... to increase its reversing 
speed, and provide continuously variable 
speed with a regulation of 1%. The 
vibration was caused by a pulsing DC input 
current. Dressen-Barnes solved this one by 
installing a controlled rectifier with output 
filtered to supply smooth DC. Using this rec- 
tifier and a standard DC motor, Dressen- 
Barnes met all other requirement including 
separate speed controls for forward and 
reverse... controlled acceleration, braking, 
and a speed range of 20 to 1. 


Fo i 4. -)—}_{- o ON o}= an oe RS 
DRESSEN-BARNES CORP., 250 N. Vinedo Ave., Pasadena 8, Calif. 


Manufacturers of: Regulated Voltage Power Supplies © Regulated Current Power Supplies 
Motor Speed Controls © Generator Voltage Regulators © Magnetic Amplifier Control Devices 
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WHAT’S NEW 


Wiener Reveals More 
About Brain “Clock’’ 


On a snowy night last February, 
guest-speaking in a restaurant jammed 
with M.I.T. alumni, Norbert Wiener 
permitted a tantalizing peek into a 
phase of his academic activities (see 
ContrOL ENGINEERING, Feb., 1955, 
p. 50). His informal disclosure: He 
and his colleagues had discovered in 
the human brain a “clocklike’” mech- 
anism that may account for unity in 
complicated thought-action. 

Four months later an English au 
dience was treated to the full story. 
On June 2 at the University of 
Southampton, Dr. Wiener described 
brain wave analysis tests at Massachu 
setts General Hospital by Dr. John 
Barlow of the hospital, and Robert 
Brown of the Institute’s Research Lab 
oratory of Electronics \n analog 
correlator (a special analog computer 
developed by Barlow and Brown) 
takes tape-recorded brain waves, proc 
esses them, and prints a graph show 
ing the continuity of the signals. 

According to Dr. Wiener, the new 
machine, in sorting random brain 
pulse activity, disclosed rhythms that 
described “an accurate clock in the 
brain of man—a clock of good con 
sistency, beating about 10 times pet 
second, and keeping phase with it 
self for perhaps hundreds of seconds.” 

“Clocking is both a useful and 
recognized phenomenom in many me 
chanical control mechanisms,” Dr. 
Wiener continued, “and it seems 
likely to be equally essential in the 
control machine of the brain.” 


How Stable Are Brain Waves? 


These experiments represent the 
first systematic analysis of the elec- 
trical activity of the brain. When 
completed, they will make it easier to 
answer such questions as: “How stable 
a phenomena are brain waves?” and 
“If a range of normal stability for 
brain waves can be defined, can we 
then determine variations from this 
form in children, in older people, and 
in people with mental disease?” 

At Cambridge, Dr. Walter A. 
Rosenblith, Associate Professor of 
Communications Biophysics at the 
institute, summed up: “The develop- 
ment of this specialized equipment 
is not only a tribute to Dr. Wiener’ 
ideas; it is also a very practical illus 
tration of the way in which medicine, 
the biological sciences, mathematics, 
and electrical engineering combine 
forces to attack age-old problems.” 
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PART NO. 


MOOG VALVE CO.. 


EAST AURORA.N. ¥ 


Illustration actual size 


Weight — 11 ounces 





From MOOG Servo Valves... Reliability 


and High Dynamic 


Many thousands of Moog Servo Valves are now in 
use in exacting applications on advanced aircraft and 
guided missiles. This widespread usage attests to Moog 
features of reliability and high performance which have 
gained for these units recognition as the industry 
standard, 

Now, these same features may be obtained in Moog’s 
new Dry Solenoid Servo Valves. These units, illus- 
trated above by Model 2000, feature a torque motor 
that is isolated from contact with the hydraulic fluid. 
The Dry Solenoids have been developed for those 
systems in which the fluid might otherwise contaminate 
the torque motor. They are even smaller and lighter 
than other Moog units of the same flow capacity and 
comply with requirements of MIL-H-5440A. 

Moog Servo Valves are proportional type, electrically 
actuated, hydraulic, four-way valves featuring high dy- 
namic response, sensitivity, linearity, small size and low 
weight. Production models are designed to operate in 
hydraulic systems of from 1000 to 3000 PSI pressure. 
Rated output flows from 0.1 to 50.0 GPM for control 
currents between 2.0 and 40.0 milliamperes as speci- 
fied are available in production units. 

Conventionally, valve input is from a balanced push- 
pull DC amplifier and valve flow output is applied to 
a piston or hydraulic motor. An electric signal propor- 
tional to piston position or motor angular rotation is 
fed back to the amplifier to give a closed servo loop. 


Performance 





For details write for Bulletin 2000-2 


MOOG VALVE CO., INC. | 








EAST AURORA, N. Y. 








PRECISION 
WEIGHING 


for 
QUALITY CONTROL 


Linear dimensions, as well as many other properties, —? 


have a definite relationship to the weight or mass of an 
object. By weighing, this relationship can be examined 
quickly and efficiently for production and quality control 
purposes. 


The simple, fast and accurate METTLER balance is the 
ideal tool for this important task. 


The METTLER Type K-5 precision balance has a capacity 
of 2000 grams (4.41 Ibs. av.). The pan, completely unob- 
structed, is on top of the instrument. The projected optical 
scale covers a range of 1000 grams (2.205 Ibs. av.) with 
1 gram (0.0353 oz. av.) per division. This scale can be METTLER Type K-5 
read quickly and easily to 0.2 grams (0.00705 oz. av.). an Senenee 


The balance is built on the pendulum principle. The BELOW 5/6 actual size 
: , . : reproduction of weight 
magnetic damping of the swing of the beam is so very scale demonstrating 
effective that reading of the weight can be made less than easy readability 


3 seconds after the object has been placed on the pan. 


°® SPEED 


One weighing takes not 
more than 3 seconds 


© CAPACITY 
2000 grams (4.41 Ibs. av.) 


® READABILITY Showing weight 
Optical scale of 1000 grams "eading 745.2 grams 
reads easily to 0.2 grams 
(0.00707 oz. av.) 


liu 


= 


@ Additional models of greater or smaller capacity and 
different tolerances of accuracy are in process of 
development. Write for further information or service. 


METTLER INSTRUMENT CORP. HIGHTSTOWN N.J. 
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..-fLOr more gain from stage 
to stage without preselecting: 





For your broadcast applications, 
Sylvania high frequency transistors 
Type 2N94 and 2N94A offer higher 
gain without preselection by stage. 
Production is simplified; performance 
is more stable; servicing problems 
are minimized. 

Low collector capacitance and ease 
of neutralization account for this im- 
portant advantage. In a typical broad- 
cast application, the addition of a 


single 10 wyf capacitor in the collector 
circuit of IF and RF stages provides 
adequate neutralization. 


Uniformity is obtained through 
unique construction techniques per- 
mitting close production control. 


In computer applications Sylvania 
Transistors offer quick recovery time 
for high speed switching and provide 
higher gains at higher operating 
currents. 


“Another reason why it pays to specify Sylvania” 


*¥ SYLVANIA 


Sytvania E.ectric Propucts Inc., 1740 Broadway, New York 19, N. Y. 
In Canada: Sylvania Electric (Canada) Ltd., University Tower Building, Montreal 


LIGHTING + RADIO > 


ELECTRONICS - 


TELEVISION 





High Freq y Tr istors 
Type 2N94 (3 me alpha cutoff) 
Type 2N94A (6 mc alpha cutoff) 
featuring 
e high gain 
e high uniformity 
e low collector capacity 
e ease of neutralization 


Low Frequency—High Gain 
Type 2N34 (PNP) 
Type 2N35 (NPN) 
for low to medium power use. Gains up 
to 40 db in grounded emitter circuit 


High Power—Low Frequency 
Type 2N68 (PNP) 
Type 2N95 (NPN) 
— increased power ratings—to 2.5 watts. 
Use for high current, low voltage applica- 
tions (6—24 volt power supplies) 
Type 2N101 (PNP) 
Type 2N102 (NPN) 
Similar to types 2N68 and 2N95 without 
cooling fins. Power dissipation 1 watt. 


For complete information on Sylvania 
Transistors write to Department G16R. 


* ATOMIC ENERGY 
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MAGNETIC TAPE RECORDING 
helps Road-Test Timken Truck Axles 


An Ampex Model 306 Recorder 
programming axle-test dynamometers 
at Timken-Detroit. 


Magnetic tape recordings are now being used to duplicate rugged 
road-tests at the Timken-Detroit Axle Division of the Rockwell 
Spring and Axle Company, Detroit, Michigan. A four hour tape 
cycle is made of actual road surface and driving conditions . . . 
then played back through torque and speed dynamometers — 
repeatedly — until a test axle breaks down. 

Result: more realistic and efficient testing — better axles for 
today's trucks, buses and trailers. 


WHY TIMKEN CHOSE AMPEX 


Timken engineers required a recording and playback medium that 
could give near-perfect reproduction of the original road test 
phenomena . . . and would playback indefinitely without 
introducing errors through wear and speed irregularities. They 
found that the Ampex F-M recorder best met these exacting 
requirements. Its extreme stability of tape motion, precise timing 
and consistent accuracy produced laboratory “road-test’ results 
within 1% of actual conditions. 


LET AMPEX STUDY YOUR REQUIREMENTS 
Ampex manufactures the most complete line of magnetic recorders 
for complex and sensitive automation, communication and 
data-handling systems. Why not let Ampex application engineers 
determine what magnetic tape recording can do for you? 


For further information, send for our 16-page illustrated bulletin, ‘‘Data Recording, Machine Control 
and Process Regulation.'’ Contact your nearest Ampex representative or write to Dept. HH-1897 


AMI EX ANOTHER APPLICATION BY THE INSTRUMENTATION DIVISION OF 


CORPORATION AMPEX CORPORATION * 934 CHARTER STREET, REDWOOD CITY, CALIFORNIA 


Branch Offices: New York; Chicago; Atlanta; San Francisco; College Park, Maryland (Washington D.C. area). 


Distributors: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; Southwestern Engineering & 
Equipment, Dallas and Houston; Canadian General Electric Company, Canada. 
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A MESSAGE TO AMERICAN 


FINANCIAL AID TO HIGHER EDUCATION 


Business Help for Our Colleges 
A Job for All Business Firms 


IN recent months, individual business firms 
have announced the adoption of a variety of 
plans, both imposing and ingenious, for finan- 
cial aid to higher education in the United States. 
In doing so, they have taken a lead in dealing 
with a problem of transcendent importance both 
to the business community and to our nation as 
a whole. 

Previous editorials in this special series have 
shown that: 

1. Our colleges and universities, and par- 
ticularly the independent, privately endowed 
institutions, are in grave financial difficulties. 

2. These difficulties promise to become 
much more acute in the years immediately 
ahead unless extraordinary steps are taken 
to relieve them. 

3. A financially crippled system of higher 
education is a major national menace. 

If, however, the business community is 
to play an adequate part in helping our 
colleges and universities financially. the 
plans adopted by business firms thus far 
constitute merely a beginning and a set of 
guide posts. What is required is a general 
movement on the part of business firms 
to go to the financial aid of higher educa- 
tion. Such a movement would involve a myriad 
of individual company plans which, in the na- 
ture of the case, cannot be expected to bring 
great renown or publicity to their sponsors. 


INDUSTRY @® 


FIFTH OF A SPECIAL SERIES 


Rescue Operation Is Feasible 


For the business community as a whole it is 
feasible to make a major and possibly a decisive 
contribution to putting our colleges and univer- 
sities back on their feet financially. One percent 
of business profits before taxes would do it. In 
1954 business profits before taxes were about 
$35 billion. If one percent of these profits, or 
$350 million, were contributed to our independ- 
ent, privately endowed colleges and universities 
it would enable these institutions (1) to increase 
the salaries they pay by $200 million a year, 
and (2) to provide $150 million more for mod- 
ernization and maintenance of their establish- 
ments. In the opinion of competent authorities, 
this would put these institutions in relatively 
good working order financially, a process to 
which a matching grant of $50 million by the 
Ford Foundation for the improvement of faculty 
salaries will make a large contribution. It would 
add about one-fourth to their present annual out- 
lay of about $1.4 billion. 

Such a contribution from business would not 
meet the needs of the independent institutions 
for new buildings and equipment required to ac- 
commodate the great increase in college enroll- 
ment anticipated in the years immediately 
ahead. Neither would it relieve the financial 
problems of our tax-supported colleges and uni- 
versities. As a group these institutions have 
fared better financially in recent years than the 
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independent institutions. But they also face 
grave financial problems, particularly in the 
provision of adequate faculty salaries. It would 
be far simpler, however, to solve the financial 
problems of the tax-supported institutions if 
the independent colleges and universities were 
back on their feet financially. 


One Dollar Does Work of Two 


The federal government exempts 5 percent 
of business profits from the tax imposed upon 
them if the 5 percent is devoted to religious, 
charitable or educational purposes. (Most prof- 
its are taxed 52 percent.) A contribution of one 
percent of business profits to higher educational 
institutions would exhaust only one-fifth of this 
allowance. It would bring to about two percent 
the total share of business profits going to both 
educational and charitable purposes. 

In 1953, business firms contributed about 
$400 million, or slightly more than one percent 
of profits before taxes to educational and char- 
itable purposes of all kinds. Of this total about 
$75 million went to educational institutions, 
mostly colleges and universities. 

For some companies it is feasible to contrib- 
ute more than the average contributed by 
business generally. Indeed, some companies not 
only utilize their full 5 percent of tax-deducti- 
ble funds for charitable and educational pur- 
poses but go beyond it. For other companies in 
financial difficulties no contribution at all is 
possible. 

If, however, those business firms for which 
it is financially feasible contributed one percent 
of their profits before taxes to our colleges and 
universities, the problem of adequate support 
for the crucially important business of higher 
education would be far along the way to sue- 
cessful solution. In 1954 a contribution of 
one percent of their profits before taxes, 
or about $350 million, would have re- 
duced business profits after taxes by only 
about half that amount. This would have 
meant a reduction of about $175 million. 
out of a total of about $17.8 billion of 
profits after taxes. 

Attractive plans to channel financial aid from 
business to higher education have been abun- 
dantly demonstrated recently. These plans, for 
the most part the creation of large corporations, 
have included not only a broad array of schol- 
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arship grants. but such ingenious arrangements 
as that by which a company matches with its 
funds the gifts its employees make to the col- 
leges of which they are alumni. 

A full array of these plans, some of which 
were discussed in an earlier editorial in this 
series, has been prepared by The Council for 
Financial Aid to Education (6 East 45th Street, 
New York City 17) and is available for the 
asking. Also, colleges and universities have 
established in most states and regions coopera- 
tive associations to help business help them. The 
Commision on Colleges and Industry (912 Kahn 
Building, Indianapolis 4, Indiana) distributes 
a directory of these associations. And, of course, 
the colleges themselves are always eager to dis- 


cuss their financial problems with business peo- 


ple and suggest constructive solutions. 


Only Small Start Made 


The plans for business aid to education which 
have recently attracted national attention con- 
stitute the conspicuous sort of leadership which 
it is the privilege and opportunity of our great 
corporations to provide. But the job is too large 
to be handled by a small number of business 
firms, no matter how bold or ingenious their 
programs. 

To put our colleges and universities 
back on a firm footing financially the help 
of the great rank and file of business cor- 
porations is required. All of them, large 
and small, have a crucial stake in seeing 
that this job is done. The future of Amer- 
ica will be decisively shaped by what hap- 
pens in and to our college classrooms. 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nationwide developments that are 
of particular concern to the business and pro- 
fessional community served by our industrial 
and technical publications. 

Permission is freely extended io newspapers, 
groups or individuals to quote or reprint all or 
parts of the text. 


PRESIDENT 
McGRAW-HILL PUBLISHING COMPANY, INC. 














It’s in the 


Fresh, Clean Ink for a Year 
of Trouble-free Recording 


%& You won't have any messy, time-consuming re-inking of pens on 
the new Bailey Recorders. The entire system is white-glove clean — 
hermetically sealed, non-evaporating, non-corrosive. Gone is any 
chance of sludge or oxide formation. Gone are clogged pens, inter- 
rupted records, unsightly splashes. 

The transparent plastic ink sacs are changed once a year —that’s all. 
Capillary tubing carries fresh, clean ink to the pens continuously 
without any day-to-day attention. 

This exclusive new inking system* is only one of the many time- 
saving, money-saving distinctive features of the new Bailey Recorder. 


Ask for Product Specification E12-5. , 


*Now available for the New Bailey Recorder only. 





ONLY BAILEY OFFERS ALL THESE 
ADVANTAGES IN A SINGLE RECORDER 


Pre-calibrated plug-in receiver units 


Up to four pneumatic or electronic receivers 
—or two receivers and two integrators 


Any four variables on one chart—easily : Coutrols for 
read and interpreted IVANHOE ROAD TEMPERATURE 

A full year’s ink supply at one loading ' PRE URE 
Faster ordering—from stock 

Minimum inventory of parts GAS ANALYSIS 


Minimum instrument investment for process D D FLOW - LEVEL 
cycle expansion or alteration Coutrols for OWL and ROCESS RATIO - DENSITY 
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Here’s manual control of flow, temperature and pressure 
HH AN o C K that’s really precise. Hancock “Flocontrol” Valves, with mi- 
crometer dial and pointer mounted on the bonnet, permit 
settings to within 1/100th turn of the handwheel! Equally 
“FLOCONTROL” VALVES important, any setting can be duplicated easily, perfectly — 


any time. 
GIVE YOU 

Hancock “Flocontrol” “3 in 1” design gives you the advan- 
/ tages of a variable orifice, plus a shut-off, plus an index... 
PIN POINT CONTROL all in “one package.” Bronze and steel types are available. 
Both have a scientifically designed V-Port valve disc that 
compels proportional flow throughout the entire lift of the 
valve stem. The shut-off seating surface is entirely removed 
and separate from the controlling V-Ports. Super-finished 


.“500 Brinell” stainless steel seats and discs minimize the 
effects of wire-drawing and steam cutting. 


For fine throttling control and proportional flow ... for great- 
est efficiency, lowest operating costs — install strong, de- 
pendable Hancock “Flocontrol” Valves in your lines. Your 
nearby Hancock Distributor will gladly give you full details. 


When Hancocks go in, valve costs go down 


HANCOCK BRONZE 

“FLOCONTROL” 

VALVES. types: Globe 

and Angle. Sizes: 4/4” 

through 2”. Screwed , HANCOCK 6002 

ends, Kwatiebte tn 180% STEEL “FLOCON- 

= — J TROL” WELDVALVES. 
Types: Globe and Angle. 
Outside Screw and 
Yoke. Sizes: %4” 
through 4”. Screwed, 
Socket Welding and 
Flanged Ends. Avail- 
able with 150%, 300% 
and 600% Series 
Flanges. 





e 
VALVE SEAT AND V-PORT DISC fully closed. As the valve Is opened proportional flow is grad- 
ually increased. The Hancock ‘‘Flocontrol”’ Valve has straight-line flow. Its regulation does not 
depend on the short-wearing, fine threads common to a needle valve. 


YOUR LOCAL INDUSTRIAL SUPPLY DISTRIBUTOR is as close as your nearest 
telephone. His 24-hour emergency service and large stocks of the 
finest supply items simplify your purchasing and save money for you. 


NCOocte WALLY ES 


A product of MANNING, MAXWELL & MOORE, INC. Watertown 72, Massachusetts 


MAKERS OF ‘HANCOCK’ VALVES, ‘ASHCROFT’ GAUGES, ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, 
‘AMERICAN’ INDUSTRIAL INSTRUMENTS, AIRCRAFT PRODUCTS. BUILDERS OF “SHAW-BOX" AND 
‘LOAD LIFTER’ CRANES, ‘BUDGIT' AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES. 
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guarantees dependable 
instrument readings 
24 hours a day 


HEN the Sunoco Plant at Marcus Hook, 

Pa., introduced a new process at the begin- 
ning of the year, many new instruments were 
installed. To dry the compressed air operating 
these instruments and assure accurate readings, 
Sunoco installed a Kemp Model 300 S Dryer. 


Kemp Dryer Entirely Satisfactory 
According to Harold Powers, Instrument Super- 
visor at Sunoco, the Kemp Dryer has been 
entirely satisfactory in performance. Operating 
continuously day and night since installation, it 
has performed according to specifications, has 
never been saturated, and has required very 
little attention. 


Kemp Dryers for Every Purpose 

Kemp offers a variety of dryer models to meet 
all problems. Designed to dry air to sub-zero 
dew points at low cost, they are constructed of 
quality materials and embody the engineering 
knowledge gained from Kemp’s many years of 
experience. They are available with manual, 
semi-automatic, or fully automatic tower re- 
activation. In addition, Kemp will prescribe the 
proper desiccant for each specific drying job. If 
you have a problem involving the removal of 
water from air, gases, or liquids, contact Kemp 
engineers now. 


Accurate readings 
depend on con- 
stant, dependable 
supply of dry air. 
Harold Powers, 
Instrument Super- 
visor at Sun Oil 
Company’s Marcus 
Hook plant, is 
shown reading two 
of many instru- 
ments relying on 
Kemp-dried air to 
assure dependable 
readings. 


For more complete facts and technical information, write for Bulletin D-27 to: 
THE C. M. KEMP MFG. CO., 405 East Oliver Street, Baltimore 2, Md. 


DYNAMIC DRYERS 


CARBURETORS + BURNERS + FIRE CHECKS 
METAL MELTING UNITS + INERT GAS GENERATORS 
SINGEING EQUIPMENT 





Factory Mutual and 
Underwriters Laboratory 
Approved. Fast-Closing... 
Fast or Slow Opening to fit 
any combustion requirements. 
Optional Accessories for 
Special Needs. 


4 © “ “ ptt es 


FAST-CLOSING GAS VALVE 
opens the way to Better Boiler Control 


This new successor to General Controls’ famous 

G-2 Hydramotor valve does even a better job...closing 
in one second or less in no-lag response to sensitive 
limit control commands (or power failure). 

Positive spring action guarantees this—with General 
Controls’ single seat design to assure really tight 
shutoff, and electro-hydraulic action for ample 

opening power. All parts inside the cast iron body 

are aluminum or stainless steel, good for any gas. 
Overported body provides maximum capacity at 
minimum cost. Make it a policy to insure premium 
performance on every boiler job with General Controls’ 
new H-series Hydramotors. Write for catalog 

with full details today. 


GENERAL COM es meOLsS 


MANUFACTURERS OF AUTOMATIC CONTROLS FOR HOME, INDU 


E PLANT RON 


GENERAL CONTROLS e¢ Penrex CONTROLS 
40 FACTORY BRANCH OFFICES SERVING THE UNITED STATES AND CANADA 
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INDUSTRY’S 
PULSE 


Italy Looks At 
America’s Control Market 


When busy, clever Italy bounded into today’s free-wheeling 
export market, America responded to handsome Italian craft- 
manship in divers objects such as “espresso” pots, car styling, 
and sewing machines. Will Italian designs soon invade our 
control field? 

Last September's First International Instrument Exposition 
touched off this possibility. When Italian manufacturers heard 
of this Philadelphia show they tried to organize a collective 
exhibit—similar to displays by France, Britain. Sweden, and 
Japan. But the project fell through for want of Government 
support. And instead, a team of ‘Ttalian experts were sent to 
Philadelphia to see how they might have fared: 

The Italians sailed home tantalized and disappointed. Like Che cosa e 
most international exhibitors, they had misjudged the Pose instrumentation? 
intent. ‘The fine optic al and laboratory-ts pe goods that are 
prime Italian stock-in-trade were apparently a very minor part 
of what America called “instrumentation.” U nprepared, they 
had run smack-dab into the overwhelming scope and diversity 
of a huge trade display of industrial control equipment. 

Back j in Italy, retrospect revealed a David and Goliath situa- 
tion. The “instrumentation” part of Italy’ s great “Associazione 
Industriali dell’Ottica” (Association of Optic: al Goods Manu- 
facture) accounts for barely 10 per cent of its activities. Pro- 
ducers of meters and control equipment for industry employ 
only 2,400 workers with a total yearly output valued at around 
$6 to $7 million. This figure is slightly less than American 
control exports cach year to Italy. Italian manufacturers are they‘d like 
apparently hard enough pressed to get their product into to sell 
domestic factories in the face of American competition—much 
less sling it overseas at the American Goliath. 

But the returning experts’ thoughtful report offers more than 
despair to chew on. For one thing, it has high praise for the 
American habit of specialized tr: why shows. “Tt is worth while 
noting,” they wrote, “that such exhibits are more important for 
exhibitors than the general fairs, even if visited by millions.” 

The Italians were impressed with the serious audience, the 
“incredibly lavish” free literature, the skilled booth attendants. 


Outsold by those 
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SELF-CONTAINED PRESSURE, TEMPERATURE %& When available fluid pressure supplies sufficient differ- 
AND PUMP PRESSURE REGULATORS ential for self operation. 

%& When positive dead end shutoff is required for short 
Leslie Self-Contained Regulators are spring loaded, periods of time. 
internal pilot, piston or diaphragm operated with stellited %& When one-step pressure reductions are desired. 
seating surfaces, hardened stainless steel main valves and 
renewable wearing parts of heat treated stainless steel of 
grades best suited to the application. 


% When service conditions require continuous flow for 
varying demand. 


%& When “instrument control” is required without auxil- 

Regulators are used for any one or any combination of the lary operating force. 

following conditions: %& When installation requires smallest physical dimensions. 

%& When quick response is necessary to handle sudden load %& When operation from either a nearby or a remote con- 
changes. trol station is desired. 


LESLIE ae i” LESLIE 
PRESSURE REDUCING VALVES | | TEMPERATURE REGULATORS 


Automatically maintain a constant u Designed for a wide range of appli-e 
reduced pressure of steam, air or cations. Vary the flow of steam or 
gas. Single seated, tight closing. Se | cooling water to heater or process to 
Respond instantly to load changes. a a) automatically maintain constant 
Renewable, interchangeable parts. on . \ temperature. Rugged 100° F. ad- 
Stellited seating surfaces. Complete | justable range thermostatic element. 
overhaul permitted without remov- “ — For small and large flows, direct 
ing body from pipe line. Made in " “ operated, direct and reverse acting 
bronze, cast iron, cast steel or cast ae, ‘ : or with ‘‘Duomatic’’, two-element 
alloy steels. Sizes 44” to 6”. Other a f +4 é (pressure and temperature) control. 
units available for constant dif- \ “ai f For driers, fuel oil heaters, instan- 
ferential pressure, unloading, and ‘ - ’ taneous and storage heaters, kettles, 
for remote adjustment. Inlet pres- . ' open tanks, ovens, process heaters, 
sures 25 psi to 1500 psi steam at i degreasing machines, steam tables, 
‘es heed } 950°F. Reduced pressures 2-600 psi. f } sterilizers, storage heaters 








, urns, ete. 
P Reducing Val -_ al dali ale T ture R 
ee °° * pee | SEND FOR BULLETIN 5302 “oe SEND FOR BULLETIN 5307 


LESLIE ,' LESLIE 
PUMP PRESSURE REGULATORS | - SELF-CLEANING STRAINERS 


Accurately and automatically con- © I: Recommended to protect all regu- 
trol discharge pressure from steam Fe 3 i lating equipment from dirt and 
operated, reciprocating or turbine © ° ™ " foreign matter. Cast iron, bronze, 
driven pumps. Single seated—posi- © ; cast steel, carbon moly, chrome- 
tive—responsive and accessible. No | A moly, stainless and forged steels. 
packed plungers or stuffing boxes. ' Strainers with screwed, flanged, 
Built for constant discharge pres- | s L socket and butt welded connections; 
sures of 8 psi to 2000 psi and excess 7 , sizes 4%” to 10” inclusive. Primary 
pressure of 10-200 psi. For motor- | ‘ service ratings to 2500 psi. Screens 
driven pump discharge pressure | . furnished in Monel and stainless 
recirculation. steel with various perforations and 
4 meshes for liquid, gas, air, oil and 

steam services. For complete details 

on each type, ask for Bulletin 5308 


SEND FOR BULLETIN 5306 


f ew a 

f I If-Cleani : 

[ icatiimes ; Self-Cleaning Strainer 
4 Class CTHS-3 = 


LESLIE REGULATORS 


SINCE 1900 LESLIE CO., 211 GRANT AVENUE * LYNDHURST, N. J. 
“STILL FAR AHEAD IN QUALITY AND PERFORMANCE* 
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...INDUSTRY’S PULSE 


And awed by the product clinics boldly conducted in groups by 
competing manufacturers. 

The Italian team has this to say about American control 
product: Even the measuring instruments turned out by “mass 
production” seem to have remarkably fine finish. Yet con- 
struction principles are quite similar to Italian. But even more 
startling are the sophisticated electric, electronic, and pneumatic 
control modes the U.S. A. has developed. And the fact that 
American prices manage to run about 20 per cent less. 

Ilowever, after touring all show aisles they conclude that the 
U.S. lags behind Germany and Italy in the matter of standard- 
ization— ‘the unification of instrument dimensions and electri- 
cal characteristics.” 

Suppose Italy overcomes these shortcomings in cost, quantity, 
and complexity. How will it break into the American market? 

Some formidable obstacles are noted by the visiting group. 
The need for American agents and service—above all, service— 
is stressed. “How could a North American purchase an Italian 
instrument if he is not sure that there will be someone to set 
it up, afford technical assistance, and attend to small repairs?” 

\nd will Italian makes become known in America? Experi 
ence with an Italian camera here indicated publicity and propa 
ganda costs of around 100 million lire (about $150,000). No 
doubt American control competition would force equally fierce 
expenditure. 

One of the experts closes the report on this doleful note: “My 
daily experience with almost all foreign markets leads me to 
the conclusion that the American market is certainly the most 
difhcult and the most disappointing.” | 

But don't sell the Fine Italian Hand short on this one note 


of un-Latin pessimism. It has overcome obstacles before in 
reaching America. 


DESTIN AVAL DOD USA 


NS i —— 


Ne 


A long pull to 
the American 
market 
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Weal -S-¥-¥-Lek- 


to Original Equipment Manufacturers 
Who Use Permanent Magnets 


May we have 1 minute and 2 seconds 
to tell you why Indiana Steel Products 
Company can do the best job, and 

the most thorough job, of supplying 
your permanent magnet requirements? 


HERE ARE 5 reasons: 












































FIRST ... we're specialists. Indiana Steel Products Company has concen- 
trated on manufacturing permanent magnets for more than 45 years! Attention 
and interest are not spread over many different and unrelated products. 


SECOND .. . all Indiana salesmen are trained engineers. In many cases, they 
can give on-the-spot assistance with immediate problems ...no delay while 
they check with the home Office. 


THIRD .. . Indiana sales engineers draw on our company’s 45 years’ experi- 
ence in designing and producing permanent magnets for every conceivable type 
of application. More often than not, he has already encountered problems 
similar to yours. 


FOURTH ... competently staffed local offices, with direct communication 
with the home office, assure you of the best possible service . . . expedite rush 
and emergency deliveries, when necessary. 


FIFTH... Indiana salesmen are backed by the World’s largest engineering 
staff devoted solely to the design and application of permanent magnets ...and the 
World’s largest and most complete magnetic research and production facilities. 


ey 


~ 


DO YOU ANTICIPATE a need for magnets 
in your experimental work, or for use 
around the plant? Catalog # 11-P7 lists a 
wide assortment. Drop us a line... we'd 
like to send you a copy. 


INDIANA 
THE INDIANA STEEL PRODUCTS COMPAN 
PERMANENT ’ 


. World’s Largest Manufacturer of Permanent Magnets 
MAGNETS ee é 
VALPARAISO, INDIANA 
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MUIRHEAD & CO. LIMITED 


invite you to write for 


“MUIRHEAD MAGSLIPS” 


using your business letterhead 
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This illustrated brochure describes 
typical MAGSLIP elements 
and gives details of their 
applications for 


REMOTE INDICATION and CONTROL 
SERVO SYSTEMS 
TORQUE TRANSMISSION 
SUMMATION and COMPUTATION 


MUIRHEAD 


PRECISION ELECTRICAL INSTRUMENTS 


TTTHTTOTTHNT 









































MUIRHEAD & CO. LIMITED - BECKENHAM - KENT - ENGLAND 


Sales & Service U.S.A. 
MUIRHEAD INSTRUMENTS INC - 677 FIFTH AVENUE - NEW YORK 22° N.Y., 
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REGULATOR 
HEADQUARTERS, 
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Customer confidence has made Fulton 
Sylphon a leading supplier of temper- 
ature regulators . . . indeed, head- 
quarters for temperature regulator 
know-how. Consider this extra ad- 
vantage to you before buying any 
regulator. 

You are confident of the right regu- 
lator for your requirement! Fulton 
Sylphon offers a complete line of 
temperature regulators for industrial 
process control; engine controls; heat- 
ing, ventilating and air conditioning 
... provides latest engineering ad- 
vances in efficient, lower-cost tem- 
perature control. 

You are confident that the very finest 
engineering service is focused on your 
temperature control problem. 
Whether it involves field or plant 
engineering, your problem receives 
the prompt, specialized engineering 
service that only a leading supplier 
can afford to provide—without cost 
to you. 


You are confident of dependable per. 
formance in the field. Fulton Sylphon 
Temperature Regulators are pro- 
duced under the most rigid quality 
control standards. All parts are made 
by Fulton Sylphon to exacting, time- 
proved specifications. The diaphragm 
of each regulator is an all-metal 
Sylphon Bellows, originated by Fulton 
Sylphon and universally specified for 
the most critical military and indus- 
trial applications. 


You are confident of competent, near- 
by field service. Fulton Sylphon tech- 
nically trained representatives in 50 
cities throughout the United States 
assure you of fast, on-call service. 


Several types of Fulton Sylphon 
Temperature Regulators are described 
on the next page. For full information 
on these, and other types, use the 
convenient coupon. 
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New Fultroli— Thermostatic New Bellows Motor Valve— 


Pilot Controller No. 1100. No. 992-D Series for final 
Provides accurate control control element in matic 
of liquids or air temperature or hydraulic control systems to 
when used in conjunction with regulate flow of gas, oil, water 
valves, dampers, etc. or other liquids. Valve sizes 
a ranges: ¥%” to 4” inclusive. Ideal for 
50°-250°F., 150°-350°F. use with Fultrol Thermostatic, 


Fast response. Low air or Pilot Controller. 
water consumption. 


No. 999 Temperature Regulator—For No. 923-C Temperature Reguiator—Extra 

accurate control of industrial process large thermostat makes this unit more- 

temperatures, storage water heaters, 4B = powerful than other self-operated 

bottle washers, slashers, etc. regulators. Handles direct-operated valves 
on higher pressures and controls 


Self-powered, sensitive, with - 
over-temperature protection. temperatures more closely. Sizes 


Sizes 4” to 4” inclusive. %” to 6” inclusive. 





No. 923-Q Regulater—Quick 
adjustment type for controlling 
temperature of liquids, air or gases. 
wy For applications requiring frequent 
changes in temperature. Sizes 
%” to 4” inclusive. 


For internal Combustion Engines— 
New Types 1280 and 1281 for control 
of cooling water or lubricating oil are 
ponwee by famous Fulton Syiphon 

-Pill thermostat units. Compact, 
easy-to-service, self-powered and 
simple to install. 


, sa New Steam-Water Mixer—No. 1360 
Ne 1350 Peedi oo an Series injects steam ie into the 


water, using every BTU of heat energy 
SOTUrED, SOMUUTNS SOUTED SE to bring water to a constant, 


tempered water. Unaffected by ; ; 
os secede pre-determined temperature. Steam is 
variations in water pressure. used only vy why 


camanaaiy dae off flow. Automatic shut-off if water supply fails. 


FULTON SYLPHON DIVISION 


Knoxville 1, Tennessee 


( Have your representative call for ap- Name 
pointment 





Company 





CJ Send literature describing Regulator Address 





Numbers: 





City 
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ADJUSTABLE SPEED 
EDDY-CURRENT DRIVES, 
COUPLINGS, BRAKES, 

DYNAMOMETERS 


The Modern Method of Adjustable Speed 
Control and Testing for a Wide Range of 
Industries 








Dynamatic Eddy-Current Couplings; Brakes, 
Dynamometers, and Ajusto-Spede" Drives are 
in use today in practically every industry—both 
in plant equipment and end products. They 
offer the advantage of rapid response, wide 








speed range, quiet operation, low power loss, 
low maintenance cost, and infinitely adjusta- 
ble speed control from an AC power source. 


Send for our new Bulletin GB2, 
describing and illustrating the 
basic Dynamatic Eddy-Current units. 

















———— DYNAMATIC DIVISION —————_- 
EATON «: MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE « KENOSHA, WISCONSIN 


ky PRODUCTS: Sodium Cooled, Poppet, and Free Valves * Tappets * Hydraulic Valve Lifters * Valve Seat Inserts * Jet 
Engine Parts * Rotor Pumps * Motor Truck Axles * Permanent Mold Gray Iron Castings * Heater-Defroster Units * Snap Rings 
Springtites *Spring Washers *Cold Drawn Steel *Stampings *Leaf and Coil Springs *Dynamatic Drives, Brakes, Dynamometers 
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Data Processing 
Takes 








Teamwork 


Too often, when planning an electronic data processing system for ap- 
plication in a business office, management poses the categorical question, 
“Shall we use our own business personnel or shall we hire expert computer 
engineers?” ‘The most fruitful approach — a teaming-up of business and en- 
gineering personnel — is not considered. 

The present lack of teamwork is apparent. Early in March the American 
Management Association held a conference on electronic computers in New 
York. And on exactly the same dates the Western Computer Conference was 
held in Los Angeles. Here is a spectacle: 1,300 business men gather on one 
side of the continent to discuss computer applications, and 1,300 engineers 
convene on the other side to discuss computer equipment. In their inde- 
pendence and disregard of the others’ practical knowledge lie the dangers, for 
business men tend to overestimate the capabilities of the electronic equipment 
and engineers tend to oversimplify the business problems. ‘The danger is 
brought home forcefully by case histories on record in which both business 
men and engineers, working independently, have arrived at exceedingly low 
estimates of the number of programming steps or the time required for process- 
ing business problems. ‘They have been low by as much as a factor of fifty. 

Business men are prone to pattern their programming for a data processor 
after existing business routines. ‘The engineer can inject logic and knowledge 
of the data processor’s capabilities. ‘The results of teamwork will be new busi- 
ness methods and optimum use of the equipment: first, to determine the most 
efficient use of data processors for routine clerical operations, and secondly, to 
study the use of information for management decision-making. 

It takes time to build an effective composite team. ‘The business man and 
the engineer become impatient with each other. ‘The business man should not 
try to master the computer completely. Nor should the engineer try to become 
a business expert. But each should learn about the other’s problems so that he 
can cooperate effectively. ‘The mutual rewards: optimum problem analysis and 


optimum equipment use. 
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Facts that Influence Your Approach to 


TELEMETERING 


Here is information that answers im- 
portant questions about time-impulse 
WALTER E. RUFLETH, The Bristol Company  telemetering. Without going into nuts- 
and-bolts, it will help you choose 
component types with an eye to system 


performance and economy. 








3 BASICS TO CONSIDER... 


. in selecting a telemetering system are the variables you wish to measure, how often to measure 
them, and the terrain to cover. Here are some of the facts that may influence your decisions: 


I. THE VARIABLES Most industrial variables ber and variety influence circuit complexity and 
can now be measured and converted intoaform appearance of the receiving panel. Some vari 
that can be transmitted electrically. Their num- ables now being successfully telemetered: 


pressure liquid level current and voltage motion 
flow pH BTU's horsepower 
temperature electrical power speed wind velocity 


2. THE FREQUENCY While the majority of sary. The problem usually boils down to these 
telemeter systems in service today are the con- questions: how often is measurement necessary, 
tinuous, point-to-point recording type, complex and what is the least costly way to install and 
networks and interrelated variables are making run the system? 

sophisticated approaches more and more neces-__ Five types of hook-ups are: 
Continuous — where variables are critical and need constant watch 
Intermittent — where variables need only be checked at intervals 


Continuous-Intermittent — where it is possible to separate more critical variables for 
constant and intermittent telemetering 


Grouped-Multiplex — where several measurements can be transmitted as a group over 
a single circuit into a ‘‘multiplexed"’ receiver 


Successive-Multiplex — where measuring points over a long area can be ‘‘multiplexed’’ 
at intermediate locations, then herded to the panel. 


3. THE TERRAIN The type of interconnecting _its topography, weather, and degree of settle- 
circuit between the measuring transmitters and ment. Hence, signals may be carried by one, or 
central panel usually depends on the terrain: combinations of three basic media: 


Air — various types of radio can be used to take signals over mountains, deserts, and seas. 
Wire — strung wire and regular overland circuits can cover plant and rural areas. 
Underground — in urban areas signals can be carried by underground leased lines 
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‘Telemetering today is an industrial tool of great 
utility. It is a flexible and surprisingly economical 
means of remotely supervising, directing, and con 
trolling a variety of processes, activities, and pro 
cedures. Yet while the concept is well accepted, and 
its uses well explored, the actual selection of a 
system of transmitters, multiplexers, interconnections, 
and receivers, poses a troublesome problem to some 
engineers. First— 


Do You Know Your Variables? 


The first consideration is the number and type 
of variables on which information is desired. In 
selecting a telemetering system it is necessary to know 
how many different variables must be supervised, 
as well as the total number of measurements needed. 
[he appearance of the receiving panel and_ the 
number of separate receivers largely depends on these 
factors. Obviously, individual instrument scales and 
ranges will be required to gather accurate data on 
cach variable (see ‘Table I). Once similar measure 
ments are placed on the same receiver, however, 
there is a promise of great economy. 

Another factor is the importance of the variable 
from a time standpoint. Consider a municipal water 
system where it is only necessary to occasionally check 
the water level in a number of uniform size reservoirs. 
It is conceivable that a dispatcher could operate 
fairly well with just one indicating telemeter 
receiver by selectively dialing each transmitter. 
While this extreme austerity in panel boards is 
seldom attempted, modifications of it are in service. 

The dispatching panel shown in Figure | uses a 
selective call telephone dialing network to get in 
formation from 49 field locations with only seven 
receivers. A system of bullseye lights, lighted name 
plates, and illuminated instrument faces tell the dis 
patcher which instrument to read. ‘The instruments 
all measure pressure or differential pressure—hence 
the small number of receivers. And in this instance 
no permanent record of conditions is required. 


How Often Will You Measure? 


he next question involves frequency of measuring. 
In the case above it is enough for the dispatcher to 
know his pressures at relatively infrequent intervals, 
usually every hour. If more frequent information or 
continuous records of every change are needed, the 
panel must obviously bear more receivers. 

There is little doubt that the “workhorse” of tele- 
metering—in terms of wide industrial use—is the 
continuously recording type, where a record of every 
variable is essential. A large scale example of this is 
in Figure 2, where 44 recorders keep track of pres 
sure and flow of coke oven and blast furnace gas at 
55 points in a Chicago area steel mill. 

Compromises in this matter of signal frequency 


are sometimes advantageous. For instance, the 


x 


Seven indicating receivers on this central telemetering 
panel measure gas and differential pressures at 49 locations. 


A telephone network dials them in. FIG. 


l 


— SRRE Beas iL. 


Individual recorders with different range spans are often 


necessary for continuous records of many 


panel brings in 55 measurements in a steel mill. FIG, 2 


i 


variables. ‘This 


Ihree ways to group remote measurements and 


herd them 


into the telemetering panel. ‘The first two patterns show 


signals subgrouped for retransmission. FIG. 
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1. CONTINUOUS-INTERMITTENT 


It is often necessary to compromise between continu- 
ous and intermittent coverage of telemetered points in 
a complete system. This installation shows how such a 
compromise was made without any loss in critical cov- 
erage or operating value. 

THE PLACE: Lower New England network of the AI- 

gonquin Gas Transmission Co., Boston 

THE JOB: Keeping track of gas temperatures and 
pressures in the network to permit load 
shifting by remote control. 

Telemetering instrument panel in Algonquin’s Boston 
dispatch office. The recorders continuously log critical 
variables. The indicators bring in other points through 
the multiplexers (below) and the telephone-type dialing 
unit in the right foreground. 


2. GROUPED-MULTIPLEX 


Study of the geographic distribution of measuring 
points in a telemetering system often suggests a way 
to group signals to save equipment and circuitry. This 
installation employs only one telephone circuit to carry 
information from six outlying measuring stations. 

THE PLACE: New England Div. network of the Tennes- 
see Gas Transmission Co., Agawam, 
Mass. 

To read pressures at principle delivery 
points and control them at the New York 
and Mass. state line. 


THE JOB: 


Tennessee Gas's central telemetering panel at Aga- 
wam, Mass. Two multiplexing instruments at the bottom 
of the panel feed readings from east and west to re- 
corders. A third circuit from the south goes to individual 
static pressure recorder. 


3. SUCCESSIVE-MULTIPLEX 


When measuring points are located at intervals 
over a long system it often is practical to set-up inter- 
mediate stations and ‘‘cascade"’ readings into the cen- 
tral panel. This busy installation covers a wide geo- 
graphic area economically and efficiently with only 
four telemetering circuits. 

THE PLACE: Piedmont Natural Gas Co's section of the 
Transco gas pipeline that crosses the mid- 
south. 

THE JOB: Recording and accounting for gas con- 

sumption from 48 measuring points in and 

around eight major southern cities. 

Twenty-two two-pen recorders and four single pen units 

are served by four multiplex receivers on this central 

panel at the dispatching office in Charlotte, N. C. 
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THREE VARIATIONS IN 


Tennessee Gas’s Agawam panel. FIG. 5 


Piedmont Natural Gas’s Charlotte panel. FIG. 6 
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DETAILS: 


As the map shows, this dual system 
brings gas temperature and pressure 
readings from 13 transmission centers 
over 500 pipeline miles into Boston. 
Continuous recording of down-stream 
and differential pressures is required 
in the populous Boston and Peekskill 
areas. Hence the need for a multiplex- 
ing system, which segregates and di- 
rects impulses into the proper recorder. 
Each of the seven outlying metering- 
regulating stations is dialed hourly to 
obtain less critical indicated readings. 
Signals come over wires leased from 
local telephone and telegraph com- 
panies. 


DETAILS: 


Four readings of static pressures at 
the eastern end of this gas pipeline 
network are multiplexed and sent se- 
quentially over a single leased tele- 
phone circuit to central dispatching 
headquarters 83 miles away. From the 
western end, five readings of static and 
differential pressure are multiplexed 
and transmitted to Agawam over an- 
other single circuit. A single static pres- 
sure reading is brought up from the 
south. The system controls delivery of 
gas into the pipeline at West Lebanon, 
N. Y., by a coded feedback dialing on 
the same telephone circuit. 


DETAILS: 


Gas users are strung all along this 
one pipeline, which spans the south. 
Hence it is expedient to group three 
Or more transmitters, multiplex, and 
feed the signals into an intermediate 
multiplex receiver-transmitter. The lat- 
ter, in turn, retransmits into still another 
intermediate multiplex receiver-trans- 
mitter further down the line. And the 
““cascading"’ is repeated until the full 
capacity of the multiplexing equipment 
is reached. In this way as many as 15 
measuring points are brought together 
and channel on one circuit into head- 
quarters. And, only four individual cir- 
cuits serve 48 widely scattered points. 
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Supply into ‘Tennessee Gas Co.’s New England pipeline net- 
work is remotely controlled through these pneumatic valves. 


FIG. 7 


Algonquin Gas ‘Transmission Co. of Boston com- 
bines continuous recording and selectively indicated 
measurements on its dispatching instrument panel. 
Full details on this continuous-intermittent system 
are provided in ‘Table 2. The main consideration in 
this approach is the number of variables that must be 
supervised at the same time, and the frequency with 
which they must be checked. 

In transmitting signals to a central panel board, the 
geographic distribution of the measuring points must 
also be considered. ‘lake twelve measuring stations 
equally spaced around the periphery of a circle. ‘The 
most obvious interconnecting system between trans 
mitters and central receivers would be twelve separate 
wire circuits. But studies may reveal that grouping, 
or multiplexing, several of the readings and _ trans- 
mitting them as a group over a single circuit to a 
multiplex receiver at the center would be more 
efhcient and economical. The second installation 
covered in ‘Table 2 is a good example of this. 


What is Multiplexing? 


A word about multiplexing. Most electrical tele- 
metering now is based on impulse-duration or time- 
impulse signals. ‘The length (or duration)of the 
impulse is proportional to the measured variable. 
In multiplexing, it is possible to herd several of these 
impulse trains into one transmitting instrument—the 
multiplex transmitter. ‘The multiplexer then sends 
measurements of each variable in a definite timed 
sequence along a single circuit to the dispatching 
ofhce. Finally, a multiplexer receiver in the office 
segregates the various signals and directs them to 
appropriate recorders or indicators. 

Still another example of multiplex dexterity is 
shown in the third installation in Table 2. Obviously, 
engineering a “compromise” system will depend 
upon distance and load factors, as well as orientation 
of measuring points to the central panel. 
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What Connectors Will You Use? 


Once the location of measuring transmitters is de 
cided on, the type of interconnecting circuits is de 
termined. As ‘Table 1 indicates, geographic factors 
heavily influence a decision here. Also, further bal 
ancing is required in comparing cost of leased lines 
against private wires and radio type transmission. 

Actually, each method of interconnection can be 
effective in different circumstances. ‘lhe least expen- 
sive way consistent with dependability under condi 
tions at hand should be the aim here. Each installa 
tion seems to have its own unique requirements. 


What About Auxiliary Functions? 


Telemetering systems offer interesting opportuni 
ties for auxiliary functions. There are a number of 
jobs that can be handled effectively over the same 
circuit that transmits the information signals. It is 
simply a matter of building proper auxiliary equip 
ment into the initial installation. 


REMOTE CONTROL 


‘Telemetering really puts on long pants when the 
loop is closed and remote control is established from 
the central station. Naturally, this cannot be accom 
plished in every case. But where possible, it usually 
proves a bonanza. 

‘There are two main types of remote control. ‘The 
first and most simple is remote-manual, where opera 
tion of a valve, motor, pump, or fan is controlled by 
pushbutton from the dispatcher’s desk. ‘The other 
is “remote-set set point” automatic control. ‘This is 
just what the name implies: an automatic controller 
at the remote location produces a signal that guides 
the dispatcher in resetting at the set-point. 

A good example of remote-set is the ‘lennessce 
Gas New England installation described in ‘Table 2. 
Flow of gas into this pipeline network takes place at 
West Lebanon, N. Y. This flow can be altered 
automatically by the central dispatcher at Agawam, 
Mass. He simply dials a code number on telephone 
selector equipment and resets the control point on 
the pressure controllers that operate the valves shown 
in Figure There are six code numbers, two fot 
cach valve. One code raises the set-point bv a 
given amount, the other lowers it. Limiting devices 
prevent any disastrous effect from misdialing. 

Another example of automatically controlled tele 
metering is shown in Figures 8A and 8B. A munici 
pal water distribution system in an eastern seaboard 
city uses a group of scattered reservoirs at high 
elevations to supply water to its customers. ‘These 
reservoirs are filled by booster pumps that operate 
from main lines connected to two low elevation 
primary water storage areas. ‘The pumps are automa 
tically controlled through telemetered signals from 
the reservoirs or standpipes that they supply. ‘The 





telemeter receiver-controller shuts off the pump 
when water reaches its proper level in the tank, starts 
it again when the level falls to a certain point. ‘Uhus 
reservoir levels are always maintained, despite their 
location several miles from the booster pumps. 


Can You Use Auxiliary Receivers? 


Sometimes it is advantageous to have more than 
one receiver per variable in a telemetering system. 
In the Algonquin gas transmission system shown in 
‘lable 2, information on pressure and differential gas 
pressure is transmitted back to the company’s dis- 
patcher so that he can be sure there is enough gas 
in the line to satisfy all his customers. Also, at 
several of the metering points that are on a “selective 
call” basis, the transmitter signals a_ recording 
receiver in the customer's dispatch office to keep 
him abreast of conditions that could affect his plant. 


How About Communications? 


Where remote control is not present it is often 
possible to do the job by “verbal feedback” to person- 
nel at the station. Either auxiliary voice transmission 
or teletypewriter equipment works here. Instructions 
from headquarters based on telemetered information, 
and on-the-scene observations help relatively inexperi- 
enced local personnel keep things in trim. ‘l'wo way 
communication often saves a lot of leg work for 
“experts” from headquarters. 


A reservoir’s level is transmitted several miles to a booster 
pump station to automatically balance a water shed. FIG. 8 





TELEMETERING PROBLEMS AND SOLUTIONS 


CONDITIONS 
CASE A: 


Large number of measurements of same 
type of variable from different locations, 
i.e., oil levels at a tank farm, water levels 
in a municipal water system, static pres- 
sures or flows in a gas transmission sys- 
tem, temperatures of bearings. 


CASE B: 


Groups of related variables, not identical 
as to type of magnitude, but each equally 
important, i.e., static and differential pres- 
sure and temperature in gas transmission; 
temperature, differential temperature, 
and Btu's in air conditioning; level, flow, 
and sluice gate position in waste disposal. 


CASE C: 


Large number of similar variables, located 
in groups or singly, at points distant from 
each other; certain groups or measure- 
ments very important economically or op- 
erationally, others not so important. 


POSSIBLE SOLUTIONS 


Measurements from transmitters dialed 
selectively (manual telephone selector 
equipment), or scanned automatically 
(sequential multiple scanning switch) on 
just a few indicating receivers; or continu- 
ously recorded on separate receivers. 


A small group of indicating receivers, one 
receiver for each primary measurement 
but selectively or automatically connected 
into groups of transmitters at different 
locations; or a battery of unit groups of 
recording receivers, each group covering 
conditions at a given location 


Multiplexing of groups where geographi- 
cally advantageous, continuous recording 
of the most important measurements, 
selective or automatic scanning of less im- 
portant locations. 
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TWO SHORTCUTS FOR 


Selecting a 
recision Trimmer 


How important is an adjustable trimming resistor’s resolu- 
tion and drift? In many industrial applications these factors 
are negligible. But in precision control they can be critical. 
Here a graph and formula pinpoint their importance. 


FRANK BRADLEY, Consultant, The Ahrendt Instrument Co. ing equations lead to the approximations used. 


—_ Initial Accuracy (Resolution Effects) 
Many servo and computer applications require 


highly accurate control of the voltage gradient across Referring to Figure 1, this relationship is evident: 
a computing element or transducer. Conventionally, _ &§ _ 1 

an adjustable trimming resistance in series with the pa Mek pp tk 

primary element, Figure 1, controls this voltage by N N 


adjusting the voltage drop across the trimmer. a ( ™ ) ( nk ) 


Essentially, there are two important factors to ——_ 
consider in selecting a precision trimmer: 1) the oat ; 
trimmer should be settable to the correct value; and [rimming involves setting €,/e to some desired 
2) once adjusted, the ratio of trimmer resistance to value. However, since n varies in integral steps, ¢./¢ 
primary element resistance should remain fixed. ‘The rey: ps it re srt obs magnitude “pi - 
characteristics that express these factors are: By — ep cocwrs Between & = 0 and n 
> Initial accuracy (corresponds to trimmer resolution) y Centeacuon 
> Differential resistance drift between trimmer and 
primary element 

Although the objective of this article is to present 
a graph (next page) as a shortcut device, the follow- 


N N 


Resolution step 


FIG. | 


Trimmer adjusted so that a Fraction of trimmer 
e,/e is specified ratio N > in circuit 


R = Potentiometer resistance 
kR = Total trimmer resistance 
N = Trimmer resolution, turns of resistance wire 
n= Trimmer shaft rotation, an integer between 0 and N oo ee 


c= Differential temperature coefficient of resistance ax 
between potentiometer and trimmer, expressed in : 
parts per million perdegC ‘ 


‘ : 
At = Positive or negative ambient temperature range 
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USE OF GRAPH 


HORIZONTAL LINES — Resolution in turns of resist- 
ance wire 


SLOPED LINES — Differential temperature coefficient 
in parts per million per deg C (plotted for plus or 
minus 50 deg C change) 


TOTAL ERROR — Sum of resolution and differential 
temperature errors at given shaft rotation 


EXAMPLE: Consider trimmer having resolution of 400 
turns of wire and differential temperature coefficient 
of 50 ppm per deg C. Drift error exceeds resolution 
error at 50 per cent trimmer shaft rotation and 


Error (in per cent) = 0.125 + 0.25 - k 


This may be assumed a reasonable error distribution. 
On the average, temperature and resolution produce 
equal error. Over a plus or minus 100 deg C range 
the equivalent requirement would be potentiometer 
resolution 400 turns, differential temperature coeffi- 
cient 25 ppm per deg C 


This may be approximated conservatively as k 
Since it is possible to approach a desired value of 
e,/e within, at worst, one half the resolution step, 
the maximum resolution error is k 


2X 


Drift Effects 


The major cause of drift is differential tempera 
ture coefhicient of resistance between trimmer and 
potentiometer, which, over wide ambient tempera 
ture ranges, may result in substantial ratio changes. 
Drift due to aging is a secondary consideration in 
adjustable circuits where such drift may be adjusted 
out at periodic intervals. Drift due to differential 
self-heating is also normally small in precision applica 
tions because of adequate power ratings. 

Referring to Figure | 

R 
nkR 


hi \ 


+ ¢ At . —— (] + « 


Drift due to differential temperature coefficient is 


é ¢ 
Al 


( 


nk Qe AL Ps 
A or or 


Making the same conservative approximation, 


i} 
Drift _ c At 


Using the Graph 


Resolution produces an error 


Drift produces an error Ep = 


Error in per cent 





























7" Trimmer shoft rototion 


The former is independent of trimmer setting; the 
latter is directly proportional to trimmer setting. 
Plotting these errors against an abscissa of trimmer 
shaft rotation results in the graph above. Resolution 
errors are horizontal lines, the error amplitude being 
inversely proportional to 2N; these lines are marked 
with the resolution (turns of resistance wire). 

Drift errors are straight lines, of slope c A t (the 
factor k is included in the ordinate scale in both 
cases). ‘lo construct these sloping lines it has been 
necessary to assume a temperature difference At; 
plus or minus 50 deg C was used. ‘The lines are 
individually marked as to the differential temperature 
coefficient. ‘The ordinates referring to the sloped 
lines are linearly related to temperature difference, 
i.e., double ordinates for plus or minus 100 deg C 
temperature change. 


A Formula for Pinpointing Resolution 


If the assumption is made that the resolution errot 
is to be equal to the average temperature coefficient 
error, the following relation between resolution and 
temperature coefficient may be deduced. 

10 
C At 


\ 


where: A trimmer resolution, in turns of resistance wire 
C = differential temperature coefficient between trim- 
merand trimmed element, in parts per million per 

deg C 
At = max. temperature 

deg C 


deviation above average, in 
On this basis a trimmer with a_ temperature 
coeficient of 250 parts per million per deg C in 
series with a potentiometer hay ing a temperature co 
efficient of 20 ppm per deg C, and which is to be 
operated over a range of minus 55 deg C to plus 
105 deg C would require a resolution of 
10° 


N= = 47 turns of resistance wire 
270(80) 
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What PULSES 
Can Do For You 


A. A. BLUNDI. Electronic Instruments Div., Burroughs Corp. 


THE GIST: Electronic pulses are the 
vital heartbeat in a wide variety of 
control, timing and sequencing de- 
vices. Pulses throb in high-speed com- 
puters, feedback control systems, tele- 
metering and electronic test apparatus. 
Thus, a basic understanding of pulse— 
its capabilities and limitations— is im- 
portant to those who stake their future 
in control. 

This article examines the means by 
which pulses store useful information 
and initiate or control desired opera- 
tions. Some functions of the many 
pulse control devices covered: genera- 
tion; storage; delay; gating; mixing; 
grouping; sampling; counting; distri- 
buting and sequencing. Here is a short 
but searching course in a fundamental 
yet versatile tool of control technology. 


CONTROL ENGINEERING 


An electronic pulse is a rapid surge or variation in 
voltage (or current). It is a discrete unit: a single 
signal with a beginning and an end. Character 
istically, it is of relatively short duration on the time 
base being considered. 

A pulse can assume several shapes, including a half 
sine wave or a crude square. But because of its rela 
tively short duration it is commonly designated by 
a vertical line of no time dimension—a pip. Its 
shape is usually determined by the way it is generated 
and by the input requirements of the equipment that 
it must trigger or control. For example, a typical 
line of pulse controlled deyices is designed to operate 
on 0.1 microsecond, half sine wave pulses. ‘This 
facilitates matching members of the series into in 
tegrated systems. 

Useful electronic pulses have many sources. In 
electronic computation, control and test systems, 
these fit into three categories: 
> Pulse generators: ‘These usually contain no useful 
information. ‘They time, sequence and otherwise 
control pulse systems. Available pulse generators 
will deliver uniform pulses at precision rates ranging 
from pushbutton speeds well up into the mega 
cycle range. 
> Magnetic tape, punched cards or punched paper 
tape: Pulses fed into a system by these sources con 
tain information—data and instructions in coded 
form—needed to perform a desired computation o1 
control action. 
> Repeated physical phenomena: pulses may be 
direct representations of these phenomena. For ex 
ample, transducers can convert a bottle count or 
shaft rotation into pulses that can be used in control 
systems. 


Why Pulse Techniques? 


In most systems, pulses and pulse handling equip 





ment process data, compute, and control. Pulses 
have several inherent advantages that help them pet 
form these functions. One is range. Pulses can be 
triggered at pushbutton rates or at high megacycle 
frequencies. Because of the high frequencies, pulse 
controlled systems can operate at high speeds. 
\nother advantage is precision. Since pulses are dis 
crete units, they are either present or not present. 
Counting and control thus nears the precision of 
numerical computation. 

Pulses also can serve as a direct analog of the 
binary system of numbers. In the decimal system 
of counting, cach digit of a number is represented 
by a power of ten, while in the binary system each 
digit is a power of the number two. A system of 
notation to express the binary system thus requires 
only two symbols of states, each representing one of 
the two possibilities of the binary digit—a 0 or 1, 
lable I. 

Since the 0 state can be represented by no pulse 
and the | state by a pulse, pulses can be coded into 
an electronic representation of binary arithmetic. 
Used in this way, pulses form the basis for electronic 
digital computation. And for a wide varicty of test 
and control systems that store and process informa 
tion in binary form. 

Pulses and pulse control equipment have vet 
another advantage: thev lend themselves to logical 
analysis. Pulse systems can be laid out logically as 
block diagrams representing the functions to be per 
formed: counting; delaying; shifting; stretching; and 
others. ‘The equipment then can be assembled into 
useful systems on the basis of function alone. A 
detailed knowledge of what goes on within each unit 
is not necessary. 

Next, let us look more closely at individual pulse 
functions. Nine of these are detailed in terms of 
logical building blocks that are assembled to perform 
various sequences of operations. 
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The flip-flop circuit is a basic element in pulse 
systems and a key to many useful manipulations. It 
is commonly called a bi-stable storage unit since it 
remains in either one of two steady state conditions 
indefinitely until switched over by a pulse. 

In its most common form, the flip-flop consists 
of two vacuum tube circuits coupled together so 
that either one or the other tube is conducting, but 
not both. The conducting tube will continue to 
function until a pulse triggers the second tube and 
causes it to conduct. The first tube then cuts off 

The accompanying diagram logically represents a 
flip-flop circuit plus its typical pulse functions. The 
flip-flop has two de voltage outputs, one from each 
tube. Moreover, these outputs are 180 deg out of 
phase. When output | is high, the output at 01s 
low and vice versa. The flip flop has three switching 
inputs. A pulse fed ito complement input C auto 
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matically reverses the two tubes, regardless of the 
existing condition. Repeated pulse inputs at C there- 
fore switch the state of the flip-flop back and forth 
between |] and 0 and produce square-wave forms, 180 
deg out of phase, at each output. 

Inputs 1] and 0 have functions different from the 
C input. A pulse at the | input automatically sets 
the flip-flop to the | state, that is, makes the 1 tube 
conduct. If the flip-flop is already in that state it 
stays there. If it is not, it switches. Similarly, a pulse 
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at the 0 input automatically sets the flip-flop in the 
0 state. 

The flip-flop has many functions in a pulse sys 
tem. It can be used as a square wave generator hay 
ing short rise and cutoff time. Its two stable states 
permit it to serve as a storage device for binary digits. 
Because pulse inputs control de outputs, the flip 
flop also can be used as a driver to switch vacuum 
tube devices on and off, to control the flow of pulses, 
and even to count pulses. 
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Flip - Flop 


In pulse counting and control systems, the flip-flop 
normally teams up with a coincidence detector or 
gate. This unit literally gates the flow of pulses 
through it, passing or not passing pulses on to the 
output. 

The most common coincidence detector is basic 
ally a special pentode (five-element) vacuum tube 
(A). Pulses to be gated are fed to the control grid 
of the tube, while one of the de outputs from a flip 
flop is fed to the suppressor grid. At steady-state 
conditions the tube does not conduct, and neither 
the pulse input nor the positive peak of the input 
from the flip-flop is enough to make it conduct. It 
takes the coincidence of both inputs—pulse and 
positive de level—to make the tube conduct. When 
this happens, the pulse passes to the output of the 
coincidence detector. 

When a flip-flop and gate combine, they form the 
simplest type of binary counter. As shown in (B), 
the system is capable of counting by two. Assume 


that the flip-flop is in the 0 state so that voltage 
output at 0 is high. ‘his means that the | output 
to the coincidence detector is low. The gate there 
fore is closed. ‘The first pulse that comes along can 
not get through the gate, but it does switch the 
flip-flop to the | state. Now the | output is high, thus 
permitting the coincidence detector tube to conduct 
when the next pulse comes along. ‘Then the second 
pulse finds the gate open and passes through to the 
output, at the same time resetting the flip-flop to the 
0 state. ‘The cycle repeats for every two pulses. Only 
one pulse gets through for every two inputs. Count 
ing will be covered more completely below. 

In general, the coincidence detector performs the 
logical function of an and circuit. It delivers an out 
put pulse only when both input pulse and de gating 
voltage are present. 

There are gates for de voltages as well as for pulses. 
These devices, (C), deliver a positive de gating out 
put only when positive de voltages are present at all 
of the inputs. By means of this de gate, the com- 
bined outputs of several flip-flops can control a single 
stream of pulses. 
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MIXING 


Just as there is a logical and circuit in pulse work, 
so there is a logical or circuit. It’s called a mixer. 
The mixer delivers an output pulse whenever a pulse 
is present at any one of its inputs; either on one input 
or another. 


—> Output 





Simple Junction 


DELAY 


Various devices are available that will delay pulsed 
information a preset amount of time. One type of 
delay employs a multivibrator circuit. An incoming 
pulse triggers the multivibrator which then generates 
a square wave of controllable duration. The trailing 
end of the multivibrator wave-form generates a pulse 
that appears at the output a set time after the arrival 
of the input pulse. Another type of delay uses 
lumped inductive and capacitive constants to slow 
down the pulse. Delays can be either fixed or variable 
In the latter case the variation can be continuous or 
in steps, depending on the degree of control required. 

A simple modification of the basic delay circuit, 
(A), gives a system, (B), that can function as a 
frequency doubler or serve to produce two pulses at 
varving time intervals. In the latter case, the delay 
can test the resolving power of a pulse counter. That 
is, its abilitv to distinguish between two successive 
pulses. 


The simplest mixer is a junction point. In the 
junction shown, all pulses on the various input lines 
combine in the output. But mixing is not always as 
simple as this. Interaction between various pulsc 
inputs may be objectionable. ‘Then a special mix 
ing device is used to isolate the various inputs from 
one another while passing on their combined infor 
mation in a single output. 
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The mixer is used in this system to prevent the 
delayed pulse from feeding back into the input to 
the delay. Leaving out mixer (C) reveals another 
function of the delay line in pulse systems: genera 
tion of bursts of pulses from a single input pulse. In 
the recirculating delay line each delayed output pulse 
feeds back to produce a continuous pulse stream. 

By means of a suitable gating device, the pulse 
stream can be turned off after any given number of 
pulses. Controlled bursts of pulses generated in this 
manner are used to test crystal diodes and pulse 
transformers and to clear counters rapidly in compu 
tation work. 

Delay networks using several delay lines in parallel 
may initiate several operations with a single input 
pulse. ‘Thus, pulses from the timing track of a mag 
netic storage drum can be fed to four delay lines to 
set four functions in operation. (D) shows this 
arrangement. 

\s shown in (EF), a delay line can be teamed with 
a flip-flop to trigger square pulses of desired width, or, 
in a sense, stretch narrow pulses into wider ones. 
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Pulse Stretcher 


Ce. of pulses to the output. ‘The start pulse also triggers 


the delay, which shuts the gate after a certain time 
lapse. ‘Thus the sample contains the number of 
pulses occurring within the delay line interval. ‘This 
method of sampling is accurate to within one pulse. 

If it is necessary to sample a definite number of 
pulses, a counter can be used instead of a delay 
unit, (B). The gate will then close after the desired 
number of input pulses, regardless of pulse frequency. 


Often bursts of pulses are obtained by gating a 
group of pulses from an existing source rather than 
by triggering. This is called sampling and can be 
done in several ways. One method, (A), is to use a 
delay to control a basic flip-flop and gate combination. 

The start pulse opens the gate and sends a series 
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‘There must be means for storing pulses, since in- 


formation for control operations often is used over 


and over again. ‘lhere are many storage methods. 

A flip-flop, capable of storing a single binary digit, 
is a common storage device. A delay line, another 
method, can store temporarily. Other common means 
are magnetic drums, electrostatic (cathode ray tube) 


Digit input 


Pulsed 
stored on punched cards « 


devices, magnetic cores and magnetic tapes. 
information can also be 
punched paper tape 
One type of flip-flop storage is the shift register. 
This device will accept a series of numbers and then 
shift out the numbers in sequence when properly 
pulsed. The shift register illustrated consists of a 


series of flip-flops connected so that binary digits can 
be fed from one to another until a complete binary 
number (a series of digits) is stored in the system. 
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There are many types of counting devices. Binary 
counters, decade counters, and ring counters are only 

1 few. We've already seen how a combination of 
flip-flop and coincidence detector serves as a basic 
binary counter. It delivers one output pulse for every 
two inputs. Combinations of the basic system con- 
nected in series can be set up to count by any power 
of two. For example, a count-by-eight system, (A), 
contains three flip-flops. 

At the start all flip-flops are in the 0 state. ‘There- 
fore, all the 1 gates are closed. ‘The first input pulse 
sets flip-flop A to the | position but cannot get 
through to flip-flop B. The state of the system after 
this first pulse is shown in the accompanying table. 
It represents a count of one. The second input 
pulse can now get through gate A to set flip-flop B 
to the | position. At the same time it resets flip-flop 
Ato 0. The table shows that the counter now reads 
010 in the binary system, or two in the decimal 
notation. ‘The process continues until the eighth 
input pulse produces an output pulse from the 
counter or until three flip-flops have passed through 
all the binary numbers from zero to seven. The table 
is identical to that used earlier to explain the binary 
notation. 

This count-by-eight circuit can be converted to 
a system that will count by any number from two to 
eight. The output pulse is used to reset the counter. 
If five is the desired count, the output pulse is fed 
back to reset the flip-flops to the state 011 cor- 
responding to a count of three. Thus the arrange- 


Shift Register 


ment in (B) continually counts from three to eight 
so that it takes only five input pulses to trigger an 
output pulse. 

A ring type counter can also be built from flip 
flops. This counter is so named because with each 
successive input pulse the count is passed from one 
flip-flop to another in a closed ring. (C) shows a 
typical unit. The table displaying flip-flop states for 
each successive input shows that the ring counter, 
unlike the binary counter, does not store the binary 
representation of the number of input pulses. For 
example, the binary representation of three is O11. 
Instead, the count is passed from flip-flop to flip-flop. 
Since the output can be taken from any one of the 
flip-flops, the ring counter is also a pulse distributor. 

Also note that three flip-flops used as a ring counter 
will only count by three. The same number of flip 
flops used in a binary counter will count up to eight. 

Other counters are built around components which 
inherently are counting devices. One such com 
ponent is the beam switching tube, a high speed 
switching device that sweeps an electron beam 
through ten discrete positions. ‘his tube functions 
as a decade ring counter and pulse distributor, (D). 
The count can be taken from any one target plate. 
At the same time de gating voltages are available 
at each of the ten tube pl: ites for gating and sequenc 
ing operations. 

Useful variations of these basic counter circuits 
can be developed. One such adaptation is the bi 
directional binary counter in (E.). This system both 
adds and subtracts pulses. ‘That is, it counts plus 
as well as minus inputs. The final flip-flop indicates 
whether the total is positive or negative. 
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beam switching tube inherently function as pulse 
distributors. 

A simple binary flip-flop can also adapt to this 
function. The arrangement shown is actually a count- 
by-four binary system connected to four extra co 
incidence detectors. Input pulses are counted out 
in succession on four output lines. 


in most pulse control and computation systems, 
pulses must be distributed to various output lines 
to perform desired control functions. It has been 
shown that the delay line, the ring counter, and the 
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ewe ae ee ; line before the flip-flops are advanced to switch the 
SEQUENCING 


output pulses to the b line. ‘The second counter in 
the system then counts out four pulses at b before 
an output can appear at c. ‘The resulting pulse pat 
terns are shown for each output line. 

The pulse outputs from these sequencing and dis 
tributing networks can be used directly or converted 
to dc waveforms to drive vacuum tube circuits, gate 
other pulses, or control other units. 


The basic flip-flop counter can be modified to 
permit sequencing of pulses. In the arrangement 
shown, some of the connections have been changed 
and two counters, a gate and a mixer added. ‘The a 
output is fed back through a count-by-eight unit. 
‘This permits eight pulses to be counted out on the a 
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FE FUNCTIONS high duty cycles, delay time might be appreciably 
‘ shortened. ‘This could be due to failure of the capaci- 
tors in the multivibrator circuit to discharge com- 
pletely when triggered at high repetitive rates. ‘The 
object is to determine the exact decrease in delay 
time at various speeds. 

In this test system, a variable frequency pulse gen- 
erator triggers the delay line under test. A second 
precision pulse generator supplies a steady stream 
of fixed frequency pulses that measure the delay 


Now for a practical example of how basic pulse 
control functions can be connected together to form 
a working system. We shall consider a way to test 
the delay time of a multivibrator delay unit. 

The purpose of the test is to compare periods of 
delay in repetitive operations ranging from pushbut 
ton speed to kilocycles. It is possible that under 
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time. ‘The flip-flops are connected to turn the clock 
pulses on and off at the same time the delay is turned 
on and off. Counters are added to record the number 
of clock pulses that occur during the delay interval 

The trick in determining delay time at high fre 
quencies lies in sampling a single delay interval. 
It can be done this way: the free-running pulse gen- 
erator delivers a steady stream of pulses that con- 
tinuously triggers the delay. But since both flip- 
flops are in their O states at the start, neither trigger 
or clock pulses can get through their respective gates. 

The test begins when a start pulse is fed into the 
I input of flip-flop A opening the associated gate. 


Then the next pulse from the free-running generator 
passes through the gate of flip-flop A in addition to 
triggering the delay unit. ‘his accomplishes two 
things. It opens the gate of flip-flop B to start clock 
pulses streaming into the counters. It 
Hip-flop A to the O state. ‘This keeps the next trigger 
pulse from getting through. 

At the end of the delay interval, the delay unit 
delivers an output pulse. This closes the gate of 
flip-flop B and stops the flow of clock pulses to the 
counters. ‘The count of pulses in the two counters 
then gives an accurate measure of delay time. ‘The 
delay can be tested at pushbutton rates similarly. 
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Pulses For Publisher Feedback 


No publisher likes wasted newsprint. Before a printing 
run he decides—by a jealously guarded formula—how 
many copies he'll need. Then the presses roll. But they 
often roll so fast that a costly over-run spews off before 
one can peal “Stop the press.” 

The three-tier electronic totalizer at the left is the main 
unit in a system that has solved this problem for a 
British newspaper publisher. Each of his 24 high-speed 
paper delivering machines feeding the press is fitted with 
a photocell pickup to generate a pulse each time a quire 
of paper goes past. All pulses funnel into the totalizer, 
which adds up the quires and converts them into bundles 
of papers. The final relay of the totalizer, which is impulsed 
once every tenth bundle, supplies a 24-v pulse input over 
telephone wire to a subtracting counter in the publisher’s 
office. This displays the number of bundles on a 4-decade 
register and can be pre-set to any figure. 

Regally, in his quiet, distant office, the publisher merely 
twists a knob to stop printing at any total. When the 
press room nears this figure a bell rings in the overseer’s 
office, providing ample time to close the presses down. 
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CONTROL ENGINEERING 


METHODS AT WORK 


A 
SYSTEMS ANALYSIS 
PREDICTS 


PERFORMANCE 


GEORGE J. FIEDLER, THOMAS F. McGRATH, and ADOLPH E. BUESCHER, Sverdrup & Parcel, Inc. 


Since its inception, CONTROL ENGINEERING 
has counselled engineers and scientists to de- 
termine dynamic characteristics before 
attempting to design control systems. Past 
articles have described some of the tools for 
dynamic analysis and how they can be used. 
This article—a special CONTROL ENGINEERING 
“Methods At Work’’—puts the tools to work. 
It is a complete analysis of a real problem, 
step-by-step, and with all related computa- 
tions. Any engineer faced with balancing the 
costs of control against performance will find 
this “Methods At Work” a major reference. 
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For the reader's convenience this article is divided into two sections— 


1) the actual system analysis, and 2) at the right on each spread, inval- 
5 | 


uable background material which will help the reader follow the analysis. 





CONTROL ENGINEERING 
METHODS AT WORK 


THE GIST: A complete step-by-step analysis of a pressure control system, be- 
fore any components are bought, shows how to save on initial cost and still 
get the performance you need. 

Modern methods make it possible to predict the performance of any sys- 
tem of parts. And the relative worth of each part to the system can be weighed 
against its cost. But for maximum gain from the analysis, none of the parts 
can be specified beforehand. 

Since the “‘plant’’ is part of the control system, its design, too, must wait 
on systems analysis. As it turns out, the plant’s tanks and valves have a 
most important effect on performance—and cost. The controller itself is 
relatively less important. 

Follow the authors through their analysis of this simple pressure system, 
as they show how several plants can give the same performance, but at far 
different costs. All the math is here for a complete understanding of the 
methods; even that which is corollary to the pressure system and only inci- 


dental to the control system. 


Systems analysis is the best approach to process 
systems design. 

Some analytical work has always been done dur- 
ing the design of a process plant or a power gen- 
erating plant. ‘This work is now called systems 
engineering. With simple systems this analytical 
phase may only involve a mental comparison with 
previous designs. When systems are complex, how- 
ever, analysis may consume many man-hours. 

Modern mathematical methods make possible a 
thorough preliminary analysis of proposed processes. 
Thus the true dynamic character of automatic con- 
trol systems can be studied before the process com- 
ponents are bought. Economic choice of plant 
components and controllers can be made while a 
choice exists: before the equipment has been put 
under contract. 

Besides the economic aspects, systems engineering 
can produce truly compatible specifications for all 
components. Also, process limitations can be 
stated more clearly. ‘The problems of starting, 
running, and shakedown testing can be more organ- 


ized and efhcient, and reserve for future extension of 
the process and its control system can be planned 
instead of accidental. 

But the most important benefit from systems 
analysis is the possible economies in initial plant 
cost. The relation between incremental perform- 
ance improvement and incremental plant cost can 
be plotted. Engineers and management then can 
balance cost and performance. 


THIS COMPLETE EXAMPLE 
SHOWS HOW 


To show how systems analysis results in plant 
economy, let’s analyze a simple pressure control 
system. The advantages, of course, are even greater 
for more complex systems. 

The process is a simple air system: a compressor, 
an after-cooler, and a receiver in which air pressure 
is to be controlled. The controlled system must 
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Source Compressor 


and aftercooler 


Piping 


provide a source of constant pressure air from the 
receiver to an external process over a wide range 


of flow. 


|. FLOW DIAGRAM 


The first step in the analysis is to draw the plant 
flow diagram shown in Figure 1. Initial flow diagrams 
may require modifications as analysis progresses. 
The control valve location is somewhat arbitrary 
at this point, as it may be better to control a flow 
of air that by-passes the receiver and dumps to 
atmosphere. 


ll. SYSTEM REQUIREMENTS 


The second step is to specify system performance 
requirements. ‘These depend on the demands of 
the exterior processes that use the air supply. For 
this example, the system requirements are: 
>» Range— 

Pressure—It must be possible to adjust the con- 

trolled pressure to any value between 100 psia 

and 150 psia 

Flow—Normal load will be between 

Ib per sec air flow 
> Accuracy—Receiver pressure must be within 1.0 

psi of the set point at all times during normal 

operation. This accuracy must be maintained for 


10 and 20 
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Plant Flow Diagram. FIG. 1 














Receiver 


Plant Block Diagram. FIG. 2 


constant flow and for flow changes up to 5 Ib/sec* 

> Stability—The system must overcome disturbances 
and automatically return to steady conditions after 
the disturbances 


lll. PLANT BLOCK DIAGRAM 


The flow diagram of step I now is expanded to 
include the effects of piping and auxiliary com 
ponents. The block diagram thus formed (Figure 
2) is very similar to the flow diagram for this simple 
example. Nomenclature for this latter diagram 
is listed below: 

Pa = atmospheric pressure—ib/ft? absolute (psfa 
—(deg R) 


compressor air flow—(lb/sec) 


= atmospheric temperature 


pressure leaving aftercooler—(psfa) 
temperature leaving aftercooler (deg R 
valve air flow (lb/sec) 

pressure in receiver (psfa) 

» = temperature in receiver (deg R) 

wy, = air flow to the process load (lb/sec) 

This assumes that the system can be described 
adequately by three pressures, three temperatures, 
and three flows. The Reference Section, “Distrib- 
uted and Lumped Parameters”, discusses the justi- 
fication for this assumption. A forthcoming article 
will analyze the temperature control of the after- 
cooler. 





IV. CONTROLLED PLANT 
SYSTEMS ANALYSIS 


The objective of the controlled plant systems 
analysis is to find the minimum-cost system that 
will just give the specified performance. Plans can be 
made at this point to extend the range of the system 
for future expansion. Error and stability equations 
are studied, so that plant performance also can 
be known before construction. 

To start the plant analysis, develop the equations 
describing the relationships between components 
on the block diagram of Figure 2. 


Receiver 

The weight of air in the receiver depends on 
the time history of flow to and from the tank. 
Assuming that the controlled pressure, p,, is uni- 
form throughout the tank, this relationship is: 


Do = z f (net flow, lb/sec) dt (1) 


where Reference Section “Fluid Mechanics of the 
System” defines C,— or in Laplace transform 
notation: 


1 
P, = ae (net flow) (2) 


The net flow to the receiver is the inflow, wy. 
minus the outflow, w,. Using the small perturba- 
tion theory, Equation 2 in Laplace notation is: 


ee 
P. = a (We — Wi) 


Aftercooler and Piping from 
Compressor to Control Valve 


For this volume, the relations are similar to (2) 


and (3): 
l 
"6 (net flow) dt 


P. 


Control Valve Flow 


From basic equations given in Reference Section 
“Control Valve Characteristics” the weight flow 
through the control valve can be written as: 

K,Ap.F 


WW, = 6.1! (6) 
where A is effective valve area and K, and F are 
defined in Reference “Control Valve Characteris- 
tics.” ‘Taking the total differential (see Reference 
“Linearize Non-Linear Equations”) and collecting 
terms: 

W, = K.P. + KA + K®.+K,P. (7) 
where the constants are defined by the valve equa- 
tion and curves for F. 





REFERENCE 
CALCULATIONS 


LINEARIZE NON-LINEAR EQUATIONS 


Most physical systems do not behave linearly 
over their operating range; i.e., their behavior 
cannot be described by any equation in the first 
degree. But if the range can be decreased suf- 
ficiently at each operating point, the equation 
is approximately linear, and if solved as such, 
yields results accurate enough for proper selec- 
tion of control components. 

If the dependent function is a linear function 
of other variables, e.g., if 

w = f(z, y, z (1) 
where w is the dependent function, the total 
derivative is 
ow ou (2) 


dw = - dx + ow dy + dz 
Or oy - Oz 


Then, at a particular operating point, over 
a range narrow enough so that the functions are 
essentially linear, the slope of the curve is con 
stant, so that 

ow ou 


or K,, oy = K,, 


Therefore: dw = K, dx + Kz dy 
If dw = W and dx a . 
W, = KiX, + KeY, + KZ 

This linearized equation is good enly at the 
operating point, W,, defined at X,, Y,, and Z,, 
and K,, K,, and K,; can be evaluated as the slope 
of the curve at the operatirg point, or by analvtic 
partial differentiation. 


FLUID MECHANICS OF THE SYSTEM 


Resistance, R 


The resistance of the system is the resistance 
to flow or to flow changes. These resistances 
cause pressure drops in the piping and other 
flow chambers. 

If turbulent flow is assumed through the sys- 
tem, then: 


Ap = pi Po = Ku? (1 


where 
Ap = pressure drop, psfa 
Pp; = pressure in, psfa 
Po = pressure out, psfa 
K = constant of proportionality 
w weight flow, lb/sec 
From Equation 1, p, Pi 
Taking the total differential: 
dp a dp 2Kudu 





Compressor Flow 


Similarly, from basic compressor equations, the 
weight flow through the compressor is: 
K2p.E 

6a 

See Reference “Compressor Analysis” for the com- 
pressor flow versus pressure curve, where E is a 
function of compression ratio, and Kg is defined. 


Taking the total differential and collecting terms, 
we write: 


We = (8) 


W. = K;P. + Ks@. + KyPe (9) 


Load Flow 


The weight flow out of the receiver to the load is: 


P, 

Wi = _ (10) 
K, is defined in Reference “Evaluation of Con- 
stants”. 


Evaluation of Constants 


One set of the constants in the foregoing equa- 
tions is calculated for each operating point. For 
systems with a wide operating range, it is usually 
necessary to evaluate the constants at several oper- 
ating points. For such wide range systems, one should 
“map” or plot the value of each constant throughout 
the operating range. 


System Equations to Block Diagram 
The “plant” equations are: 


1 i . 
>, = —— (W, — W2) 
I Cs (W Wi 


ay (We - We) 
= K;P.+ KiA + KO. + KeP. 7) 
= K;P. + Ks@. + KyPe (9) 
> 
Ki a0 
The plant is described by simultaneous solution of 
these differential equations. 
These expressions describe the dynamic relation- 
ship between the controlled variable (receiver pres- 
sure) and: 
> The action of the final control element (the con- 
trol valve) 
> The disturbance of a change in flow to the external 
process 
> Other disturbances 
The control equations now can be added to the 
plant equations to define the entire system. Then 
a controller can be synthesized that will meet the 
system performance requirements. The control sys- 
tem must: 
1. Measure the controlled variable P, 
2. Compare it with the set-point value 
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3. Move the control valve to hold the error within 
the limits specified 

When the flow leaving the receiver is changing, 
proportional control is needed because valve open 
area must be proportional to the error in P, When 
the flow leaving the receiver is constant, integral 
control is needed because the valve open area must 
be proportional to the integral of the error. 

The sensing system output, P,,, must be a signal 
proportional to pressure: 


P, = K.P, (11) 


Equation 1] can be shown in block diagram 
form as: 





Pm P, 











The controller and valve system must be a valve 
angle, a, proportional to the error plus the integral 
of the error. The controller transfer function is de- 
fined as G,; the valve transfer function as G,. The 
over-all function is therefore G,G,. An ideal valve 
transfer function would be G, = K, where K, 
relates valve position to valve signal V,. For this 
problem, we need an over-all (ideal) function: 

GG.=K (x, + as 12) 
where K, is the over-all adjustment of the propor- 
tional factor and K; is the over-all adjustment of the 
integral factor. K;/, is the integral of K; in Laplace 
notation. 

Suppose a valve so characterized that the shaft 
position is proportional to open area (linear) is 
driven by a two-phase motor at a speed proportional 
to control phase voltage V,. For a linear valve, valve 
open area, A, equals a constant, K,, times valve open 
angle, a, OT: 


K,a 13) 





ky 








The motor shaft angle ideally is proportional to 
the integral of the motor control phase voltage, 
Ky 


a= Ve 
8s 











Vy, 
"es. ae 


The ideal function for the valve and controller 
is given by Equation 12. For the ideal valve sys- 
tem transfer function, combine Equations 13 and 14, 

G, = ae K, 15) 


8 





G. can now be derived from Equation 12 and 


Equation 15, 
(52+ Hi) 
_ = K 


KkK,s + KK 
KK, 
Ky 


> 


kK, 4 
& 
Kos + Ky 











Combining the foregoing in block form, the con- 
trol system for the plant now looks like this: 


eee 
Kyos+ Ky 


If a standard pneumatic valve positioner were used, 
valve position would always correspond to the sig- 
nal from the controller. This is done by internal 
feedback within the positioner: 


Pilol valve 


Diophragm | 


motor 


Loading pressure y 


a. tore 
ee 


pilot valve 
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Also from Equation 1: 


Ap 
Kw = 


placing Equation 3 in Equation Z. 


2Ap 


w 


- du 


dp = dp 


Linearizing and writing in Laplace notation 


g LAPs) yw, 
WwW, 
or P, = P; — RW. (4) 
where R is the incremental flow resistance at 
the operating point in psf/Ib/sec. 


Inertance, L 


The fluid inertance is the applied pressure 
required to accelerate unit fluid weight. Con- 
sider a flow path of constant cross section, A, 
and length, X, carrying air at a rate of w lbs/sec, 
and being accelerated at a rate of dw/dt Ibs/sec’. 
The density, p, of the gas, according to the 
perfect gas law, is: 

Pp, , 
Re in lb/ft 
where 

R = gas constant, 53.3 ft per deg, 

6 = temperature, deg}R. 


The quantity flow will be: 


4 


ww. - > 
Q= in ft?/see (6) 
p 


Assuming uniform velocity over the piping cross 
section, 


aa in ft/sec 
The acceleration assuming constant pressure is 


dt 1 dw. ft . (2) 
1=— = —- — in ft/sec’ 8) 
. dt »A dt 


The mass of air is 


slug-ft? 


pAx 
n= 
g 


The accelerating force in pounds is 

F= = “= 10 
The force per unit area is provided by a pressure 
difference; hence: 


F zd 


A Ag dt 


where L = is in psf /Ib/sec? 


Capacitance, C 


Capacitance is the parameter of a flow system 
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Where K,, and K, are valve constants. 
Then 


kK, Ky 


I 17) 
T8 + 1 -_ 


l 
KK, s+1 

In this event, the controller requirement would 
have been K +K/s, the same as the over-all function 
from error to valve area. 

Actual valves, valve positioners and sensing  sys- 
tems have dynamic characteristics that differ from 
their static characteristics. If the signal to the valve 
changes slowly, the valve follows the signal closely. 
If the signal changes rapidly, the actual valve posi- 
tion lags farther behind the signal. This lag or 
phase shift is a function of many of the physical 
characteristics of the valve, such as inertia, damping, 
etc. As shown in Reference “Control Valve Char- 
acteristics”, a physical valve may be described in 
simplified terms by: 

KK, 
8(7g8 + 1) 

where +, is the valve time constant. 

A sensing system has two kinds of lags: 
> Transmission lag—Time required for the signal to 
travel. In pneumatic sensing, the signal travels with 
the speed of sound; in electric transmission, with the 
speed of light (approx.). 
> Dynamic lag—'Time needed to accelerate physical 
inertias in the system. 

A physical sensing system having these two lags 
has this block diagram: 


G, = 








-os Km 


TIms +1 
Dynamic lag 





é 

















Transmission lag 


Computation of Component Requirements 


The relation of a change in control valve position 
to a change in receiver pressure can be written from 
the system equations. These relationships also can 
be obtained from the complete block diagram, Fig- 
ure 3. Combining Equations 3, 7, and 10, or com- 
bining appropriate blocks in the diagram, we write 
this relationship as: 

Ki 
me i — Kk, 


was: KiC. rr 
[ 1—ArkK,e J 


= —(7, by definition. 
and: 
P, 
A, 
We may also immediately relate the effect of P, 
and ®, on P, by the following: 


= KG, (20) 


p, = KG, (21 
The effect of the P,. function will be discussed 
later. 
Pr, 


= K.G, (22 
0. 


‘The temperature of the air leaving the aftercooler 
will be held constant by a temperature control sys- 
tem; therefore 9, is assumed zero. 

From the combined plant and controller equations, 
the relation of receiver pressure, P,, to the set-point 
pressure, P, can be written. The pressure error is 
the difference, 

P= PF, = P, (23) 

The ratio P,/P, may be found algebraically by 
first writing: 

Po 


Pp. = G&KG, (24 
e 


























5(%qS +1) 




















Gs ,-Kme~% 
as’ reas 
ica cell 


Complete block diagram for pressure control system. FIG. 
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> (Kies + Ku) Kaku Ks G 


8(rgs + 1) 
G, by definition 
then: 


P G. 
P, 14+66, 


P, is related to —W,, for a constant set-point, by: 


a] = Pe , (26) 
—W, P.=0 1+ G,G3.G G A, 


‘To write an explicit expression for P,, first note 
that when p, is not changing, P, 0 and P, 
P,. Also, note that W, is the transform of the time 
function 


wr, =f) = mt 


where m 5 psi/sec* from the plant operating 
requirements. ‘The requirement was that the error 
must be less than | psi during the 5 psi/sec? change 
in flow. Since wy, is a function of time, 


wp = mt 27) 


By definition, W is the Laplace transform of w. 
The Laplace transform of t from standard transform 
tables is 1/s?. Since m is a constant, 


Combining Equation 26 and 28, 


mG 
; 
2 
8° 


P.= ree 
1 + G,GGG hs 
Krom the Final Value ‘Theorem of operational 
calculus. i.e.. 
sF(s) |o™ f() lve (29) 
the final value of P, is: 
Kym 
8(tps + 1) 
i + K,KpKukKKe-( rs +1) 
8(tmS + 1)(7,8 + 1) 


m 


AmAyu( KK Ks) 


Accuracy and Stability Calculations 


‘To satisfy the other requirement that the error 
be small when the load flow wy, is constant, note 
that: 


8P, |.»0o= 0 (31) 


or the error theoretically is zero for constant load. 
Knowing the combination of constants to produce 
the required performance, i.e., 
m 


KnKuk Ake 
the system can be adjusted accordingly to control 
within the allowable error. 

The system must also be stable when adjusted 
for allowable error. A closed-loop system will 


= 144 psf = 1 psi (32) 
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required by the law of conservation of energy 
because inflow does not equal outflow due to 
compressibility. 
From the equation of state for perfect gases, 
the weight flow, w, can be written: 
w = where v = volume in ft (12 
Re 
Weight flow rate of change is the difference 
between inflow and outflow: 
dw t dp pr 1 d@ 
dt ~ Re at R @ dt 


1 dp p dé 
Re dt @ dt 
If the process is assumed adiabatic, 


dé = ¥ - ] dp 
6 + Pp 
where y = ratio of specific heats 


Substituting in Equation 13: 


dp 
“dl 
t ap 
vyRO, dt 
6, is the temperature at the operating point only, 


OT 


dp 
dt 


= (' (15 


where: C, is the system capacitance in lbs 


per/psf and © is the capacitance of the 


yRe 
receiver. 


DISTRIBUTED AND LUMPED 
PARAMETERS 


In piping, the three parameters, R, L, and C, 
relate flow to pressure. ‘hese parameters are 
functions of length of the piping, and of time. 
In linearizing they are treated as functions of 
time. They can be considered also as functions 
of space. Then, instead of L, R, and C, they 
become L/ unit length, R/ unit length, etc., 
and are called distributed constants. 

Where a very accurate analysis is necessary, it 
is possible to distribute parameters using wave 
equations with partial spatial derivatives. Gen- 
erally, this accuracy is not required, and the para- 
meters may be lumped over small distances. 
This is enough for systems analysis. For example, 
a long pipe may be analyzed as five capacities, 
resistances, and inductances, rather than as one. 
This may be almost as accurate as using the 
wave equations. 
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oscillate continually if the loop transfer function 
has a phase shift of 180 deg and thie loop gain 
is unity. ‘The degree of stability can be found 
from a Bode plot of the loop function—magnitude 
and phase shift versus frequency—and is a function 
of the time required for oscillations to damp out. 

To show how to calculate the accuracy and sta- 
bility of this system, the constants are evaluated at 
one operating point in Reference “Evaluation of 
Constants”. At this operating point: 


lb /ft? 
lb /see 
= 2420 lb/sec-ft? 
1.8 deg /volt-sec) (0.00308 ft? 
s(O.1si+ 1) 
0.001 volts/psf 
0.06s + 1 


: Ky 
G, = Ki ay 
Ky 


From the formula for error, the value of Ky K, 
K, Ki, K,, must equal or be greater than m/144 
to meet the accuracy requirements of the system. 
Since each constant is known except Ky, first solve 
for Ky; and use it to check stability on the Bode 
diagram. ‘The Bode diagram shown on Figure 4 
is a plot of the function G, G, G, Ky G, versus fre 
quency on semi-log paper. The log scale presents 
an easy way to plot the product of several functions, 
since multiplication here means merely adding 
logarithms. 

The ratio Kyo/K,,; was chosen as 0.5 for a first 
trial value. On Figure 4, the magnitude curve 
crosses the unity line (zero db) at a frequency of 
).55 radians per second. ‘This system is stable because 
the phase shift at this frequency and all lower fre- 
quencies (gain greater than unity) is less than 180 
deg. ‘Ihe maximum phase shift up to the “cross- 
over’ frequency (0.55 rad/sec) is —174 deg. The 
phase margin is, therefore, 180-174 or 6 deg, a very 
small amount, indicating a small degree of stability. 
Good design would provide a margin of something 
like 35 deg. 

(he first trial value for Kyo, resulting in the 
Kio/Ki; ratio equal to 0.5, might improve the 
situation if changed. If this ratio is made 5 instead 
of 0.5, the crossover frequency changes and the phase 
shift is considerably reduced, increasing the phase 
margin. See Figure 5. 

he components that cause the phase shift should 
be noted, remembering also that the degree of sta- 
bility puts a ceiling upon accuracy. If phase margin 
is increased, the value of K,, can be increased. This 
increases the accuracy without causing instability. 
In this system, the phase shift is mostly due to two 
components, the valve actuator system and the 
“plant” function, dominated by receiver volume. 

If the receiver volume were smaller, the phase shift 





would be reduced. How much smaller should it 
be? ‘This now can be decided readily. If we are 
satished with the 1.0 psi error in P,, the plant time 
constant could be reduced, changing the crossover 
frequency and the phase shift, taking care not to 
increase the crossover frequency to a point where 
the phase shift is greater than 180 deg. 

Suppose the plant time constant were 100. Then: 


C.K, = 100 37 


100 
2112 
v = C.R@ = (0.0474) (53.35) (560) = 1,410 ft 


= 0.0474 


See Figure 6. 

The valve system could be improved by adding 
feedback of the pneumatic positioner type. 

The valve time constant, which is a measure of 
the response of the valve positioner, is such that it 
does not reduce the stability of the system at all. 
The same may be said of the sensing system. 


Effect of the Compressor Characteristic 


The effect of the compressor characteristic can be 
introduced by referring to Figure 3 and adding 
the compressor functions to the equations. The 
compressor functions, K7’, Ks and Ky’, and the pip- 
ing and aftercooler characteristics, 1/C,s, act on the 
“plant” through the valve function, K3’. 

Assuming atmospheric pressure constant, (dpa = 
P, = 0), and atmospheric temperature constant 
(dé, = 8, = 0), then K,’ and Kg can be neglected, 
giving 


from which follows: 
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COMPRESSOR ANALYSIS 


The centrifugal compressor was selected for 
its high compression ratio. It runs at a single 
constant speed. While the flow is limited, it 
is adequate for the process. Reciprocating ma 
chines were considered and discarded, since oil 
free air is necessary, and non-lubricated machines 
of the reciprocating type are relatively expensive. 

The weight flow of air through the compressor 
is the product of inlet density and inlet volume 


flow, 


Pp : 
, inlet air density lb /ft 
tGa 


), inlet volume flow ft*/see 


and w, is a function of the variables py, 4, and 
| 


Ww f(Da, 0 


‘Taking the total differential, 


Oo f 


Substituting Equation 3 in Equation 2. and 
using the linearizing techniques for an incre 
mental change, 

W. = K:P, + K;0 K5(Ko@,.P. + KoP 
Or 
We. = K;P. + KsOa. + K,yP 
where 
Aok and Kg, Ayk 


Equation 4 can be shown in block diagram form 
as: 


Equation 4 is written for changes at a specific 
operating point. If the compressor input is from 
atmosphere, p, and @, are constant. Therefore, 
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where: 
K;/K, 


c. %. 
(x )s . 


Assuming 6, constant, the new relationship be- 
tween P, and A, is: 

P KG, 

A, 1+6, 


G, = 


(38) 
Note that this function, with the compressor included, 


differs from Equation 20 for by the factor 


1+ G,° 


When 


is evaluated numerically at the operating point, 


l 
1 2 G, 


K, = 5.27 x 10%, K, = 0.022, and 


Substituting these values: 


C,. = 0.024 


0.0239 
1.09s + 1 


r= 


and: 


1.0239(1.065s + 1) 
1G. om si (39) 
eaten 1.095 + 1 : 3 
Numerically, Equation 39 has little effect on the 


Stal G 
Bode diagram. G, is virtually equal to; - 
; +6, 


The compressor characteristic ( =f P) shows 
that, at the operating point, large changes in flow 
cause only small changes in compression ratio, 1.€., 
the curve is flat. For the system requirements and 
the compressor selected, throttle valve control is 
good. But for compressors with vertical compressor 
curves, by-pass control would be best. 


COST VERSUS PERFORMANCE 


To show all economic aspects of the design and 
selection of components, performance must be 
related to cost. ‘The cost of the system is the sum 
of the cost of plant and control components plus 
the cost of assembly. 

The choice of a centrifugal compressor based on 


cost savings is discussed in Reference “Compressor 
Analysis”. The aftercooler, valve, and piping are 
not significant in their effect on over-all system per- 
formance and are, therefore, omitted in our cost 
comparison. 

Table I lists relative prices for the components 
which directly affect system performance. The costs 
of components originally selected to give required 
system performance are shown in column 1 of 
Table I. 

Systems analysis showed that the valve actuator 
and sensing system chosen were better than necessary. 
It showed also that the receiver was larger than 
necessary. (See Figure 6). Keeping the same valve 
actuator permits a greater reduction in the receiver 
volume and, hence, cost. Column 2, Table I lists 
new costs for a much smaller receiver and a cheaper 
sensing system that still give the required system 
performance. 

Now assume that it is desired to determine the 
cost of a system having the same operating range 
and the same disturbance magnitude, but twice the 
accuracy; 1.¢., 0.5 psi maximum error in receiver 
pressure. The following product must double; 
therefore 


Kuk, A AK yA. = 2(0.0347) = 0.0694 (Figure 7) 


Equipment prices for this higher performance are 
shown in column 3, Table I. The accuracy improve 
ment is shown to cost $7,000, or $11,600 minus 
$4,600. Similar methods can show incremental costs 
due to changes in other performance parameters. 

As demonstrated by this example, a systems 
analysis of the complete system usually will result 
in lower cost of both plant and control components 
with no reduction in over-all performance. It is, 
therefore, highly rewarding to analyze the control- 
led performance of a proposed facility before final 
design of the “plant” components or the controllers. 
The engineering cost of such a complete systems 
analysis is usually a small percentage of the savings 
effected in cost of plant and controller components. 





TABLE | 


Receiver 

Valve Actuator 
Controller 
Sensing System 


TOTAL— 


No. 1 
$10,000 
900 
600 


$11,900 


No. 3 
$10,000 
900 
600 
100 


$11,600 





76 CONTROL ENGINEERING 








REFERENCE CALCULATIONS 


Equation 4 for the change in W, can be simpli 
fied to 


W. = KyKy,P 
ingle . ‘ 
ml Equation 5 in block diagram form becomes 


Gain-db 





=o 





; | 
Thi OE ee — 
So th +i Ft HHH 
| ut | | where Kg is 


TT 
| 














Qu ) 7 of 
ttt + eee Or. and A IS —_ 
= LT LT Lit : ; 
" at — 4 ~~ The product Ky K,,, is the slope of Figure R-1 
requency~- econd 
a in itera at the operating point. 


tl 





Bode plot for double accuracy. Fig. 


CONTROL VALVE CHARACTERISTICS 
Flow Characteristics 


An equation for air flow through a control 
valve has been found empirically as the result 
of a research program conducted by the Uni 
versity of Michigan for Sverdrup & Parcel, Inc. 
This equation is: 


‘ad 2.055ap ( D ) 
w, = 
a) p 
ACKNOWLEDGEMENT The techniques used in this 
paper are not original with the authors. The servo theory and 
mathematical treatment used is found in books and technical 
papers too numerous to acknowledge here 


2.055ap 


G4 








This column concludes — the 
systems analysis The Refer 
ence Calculations are contin 


ued on the following two pages.) 
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Compressor characteristic. FIG. R-1 
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> 
20 


versus 
Pr 


is shown as Figure R-2. 





Control Valve Sizing 


i (2?)"- 7) i | The size of the control valve needed for the 
| system was found from Equation 1. A four 
w Daf eee | | | inch double-seated valve has both adequate flow 
and sufficient pressure drop across the valve for 
control through the desired range. Standard 
sizing methods were used. ‘The selected valve 

has about 8 sq in. of effective area (0.0554 ft*). 


Valve Servo System Requirements 


The block diagram of the system is: 
Valve air flow characteristic. FIG. R-2 





where a = the valve open area, ft® Input from 
, = the upstream pressure, psfa aa, 7 
» = the downstream pressure, psfa controller 
= upstream total temperature, deg R 
= a function of pressure ratio 





From ‘the linearizing procedure K,, is a linkage constant that translates driving 


We = f(a, rr, 4, f, motor shaft rotation into area. The motor moves 
we can write through 180 deg to change the area from 0 to 

W.=<KA+K:Pi+K0+KPF (2) 0.0554 sq ft, therefore, K, 0.00308 sq ft per 
deg. 


And since f, is a function of the pressure ratio o* ' — 
Ihe drive motor transfer function is 


across the valve 

= KeaP; + Kes Pe (3 
where f = 0.257 F to normalize the curve for This 
convenience in computing. 

From Equations 1, 2, and 3, we can evaluate 
the following constants, where the subscript o 
denotes a particular value computed at each 
operating point: 


transfer function is described in several 
standard servo texts. K, is the generator con 
stant in volts per degree per second of the rotor, 
and +, is the time constant of the motor and 
load in seconds. Evaluation of these constants 
also is demonstrated in “Evaluation of Con 
K, | Owe! 2.055AF stants...” 
op, 6.1/2 


Ow, 2.055 proF'o 


Ke= || = Se EVALUATION OF CONSTANTS 
seer lee AT THE OPERATING CONDITIONS 


Ks - . ia e 
06 20,37 Ihe selected operating conditions are at a 
~2.055AoP ro weight flow of 15 Ib/sec, a pressure of 125 psia 


ee | 6012 and a compressor outlet temperature of 100 


» Vee z deg F. 
R - [ 1.43( ) — 71( a -) 7 
Kea — = — 


Ke 


FP P Receiver Capacitance 


143( Fe)" in(be)™ From “Fluid Mechanics of the System”, 


fe = Pro 
Ope | 2F , Peo = yRO, 


Ke = Koken The receiver is initially assumed to be a 5,000 
Ki’ = Ki + KeKeo cu ft tank, y = 1.4, R = 53.3 ft/deg, and 6, 

These constants are evaluated in Reference = 560 deg R. Substituting these values, C, = 
“Evaluation of Constants...” A plot of F, 0.12 lb/psf. 


Ke V 
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> Aftercooler Capacitance 


The piping and aftercooler are assumed to 
have a 1,000 cu ft volume. Substituting values, 
C. = 0.024 Ib psf 

> Control Valve Constants 
P,. = 125 psia = 18,000 psfa 
6. = 100 deg F = 560 deg R 
W, = 15 lb/sec 
P, = 199 psia = 28,650 psfa 
A = 0.0062 ft? 
W, K,’ P, + KA 


K;@, + Ke’ P,, the 


equation for weight flow through the valve. From 
“Control Valve Characteristics”, the valve con 
stants at the operating conditions are: 


: o Ff \ _ 5.27 « 10-4 
Pe Ff J \ We 
) = 2,420 


f 
-1.33 X 10- 


a Fe \ ~ 159 x 10 
of Ops 


> Valve Motor Drive Constants 


K,, was selected initially on the basis that 100, 
would move the valve from closed to full open 
area in one second. ‘The motor and gears must 
turn 180 deg; hence, K, = 1.8 deg/volt-sec. 
K,, is 0.00308 (see “Control Valve Characteris 
tics” - 

Initial choice of a valve speed favored a 10 
radians per sec valve; therefore, the time con 


> Sensing System 


‘The sensing transfer function, K», is selected 
to cover the output pressure range from 14,400 
psfa to 21,600 psfa. The value of K,, is selected 
initially as 0.001 v per psfa, to give a maximum 
voltage output of 7.2 v for 150 psia, and a mini- 
mum of 0 vy at 100 psia. Some overlap is neces 
sary, of course, and can be provided as the design 
progresses. 

One of the better commercial pressure measut 
ing instruments was selected tentatively for the 
sensing element. + 0.06 sec. 


m 


> Compressor Constants 


The value of Ky’ is found from the slope of 
the curve at the operating point on Figure R-2 
“Compressor Analysis” ). 


K,’ = 0.022 — 
psta 


> Load Constant 


The load is the permissible flow change for 
the system. ‘The incremental flow resistance, 
R, is defined as the resistance per unit change 
in flow at the operating point. The characteristic 
is assumed linear for small perturbations at the 
operating point. 

From “Fluid Mechanics of the System”, 


R= K, = 2( = ) = 
a lb /sec 


At the selected operating conditions 


vr, = 15 lb/sec, Pp 110 psia 


stant, tr, = 0.1 sec. a Taathe 


This analysis assumes that the temperature of the air leaving 
the aftercooler is constant. As noted on page 68, a future 
article will analyze the heat exchanger dynamics and their 
effects on the pressure system. 
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(A)—Isolation amplifier. 
(B)—Phase detector. 

(C)—Gain compensating amplifier. 
(D)—Dual channel de amplifier. 
(E.)—Fifty watt magnetic amplifier. 


THE GIST: A broad variety of computing and automatic 
control systems have been designed using electromechani- 
cal elements. These vary in complexity from simple remote 
positioning servomechanisms to elaborate systems with mul- 
tiple computing and control functions. Naval gunfire con- 
trols, pilotless aircraft controls, machine tool controls and 
systems for the automatic control of complex chemical proc- 
esses are examples of the latter. 

But no matter how simple or complex the system, it is 
easier to assemble it from available packaged components 
than to start designing from scratch. Standardized mechani- 
cal and electromechanical components have been on the 
market for some time. Now functional electrical and elec- 
tronic packages are appearing. By using five of these pack- 
aged functions, plus mechanical and electromechanical 
components, many very useful control systems can be de- 
signed. Here are the details of these functions and examples 
which show how they can be applied. 


NOW YOU CAN Design With 
Packaged Components 


BARNEY J. O'NEILL, Magnetic Amplifiers, Inc. 


Savings in time and cost are possible advantages in 
designing around packaged units. The designer can 
emphasize the overall system and its performance. 
\ breadboard or prototype system can be assembled 
quickly and tested with a minimum of time-consum 
ing circuit design. 


Production economics also realized when 
packaged units are used. Assembly and wiring 
become simple. So does testing and trouble shoot 
ing. ‘Ihese operations can be reduced to routine 
procedures handled by relatively unskilled personnel. 

Maintenance and trouble shooting operations in 
the field are easier. Faulty plug-in units can be 
replaced with a minimum loss of operating time 
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‘The defective unit can be discarded, or repaired when 
convenient. In addition, packaged circuit elements 
that already have been field tested enhance the 
reliability of a system. 

In standardizing and packaging the functions of 
an clectromechanical computer or control system, 
the basic elements fall into three classifications. 

1. mechanical 

2. electromechanical 

3. electrical and electronic 

The mechanical elements include such items as 
gears and gear assemblies, cams, mechanical comput 
ing linkages, slip clutches, and dials. Many manu- 
facturers offer extensive selections of these devices. 
In most applications, electromechanical equipment 
can be designed so that the use of special mechanical 
elements is limited to a small number of specialized 
functions. 

The electromechanical elements common in com- 
puter and control systems include servo motors, syn- 
chros, resolvers, resistance potentiometers, induc- 
tion potentiometers and tachometer generators. 
‘These devices are available in many ratings and 
accuracies. Many aspects of their mechanical and 
electrical design have been standardized so_ that 


different makes often can be used interchangeably. 
Rarely is there a real need for a specially designed 
item of this type in an analog computer or instru- 
ment servo system. 
A look at the electrical and electronic elements of 
a computer or control system reveals that these 
units vary in an almost infinite number of details. 
‘To achieve any degree of standardization, it is neces- 
sary to break down the functions into a limited 
number of classifications. Basic functions that 
describe most of the major electronic elements of a 
system include the following: 
a) amplification of ac signals 
b) amplification of de signals 
c) phase detection 
d) power amplification for servo motor control 
gain compensation 
frequency sensitive circuits such as filters and 
servo stabilizing circuits 
g) power supplies 
Although standard frequency sensitive circuits and 
power supplies are available to some extent, this 
material will be limited to packaged components for 
functions a through e. Figure 1 shows a typical line 
of these components. 


THE FIVE PACKAGED COMPONENTS 





Feedback 
connection 














] 
{be 


250v ac 


8B- 
Schematic diagram of ac isolation amplifier. FIG. 2 


External load 


Br 








Dc input signal 250v dc 


[ Bolonce \adjustment supply 


L 
ietabes j 
Schematic of one channel of dc signal amplifier. FIG. 3 
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1. Ac Isolation Amplifier 


An ac isolation amplifier is designed to accept an 
ac signal from a source that can tolerate only a 
minute amount of loading ( because of its high imped 
ance or its susceptibility to error if loaded). ‘The 
unit presents a high impedance to its input signal and 
can supply a relatively low impedance load. 

Negative feedback is used to maintain a constant 
voltage gain so that the output alwavs bears a fixed 
amplitude relationship to the input signal. Negative 
feedback also reduces the phase shift between the 
input and output voltages. 

The circuit diagram for a typical isolation amplifier 
is shown in Figure 2. It uses two double-triode tubes. 
The first tube acts as a voltage amplifier and phase 
inverter. The output of this stage is capacitively 
coupled to the push-pull output stage. ‘The output 
transformer has a number of taps for flexibility in 
load matching and feedback circuitry. 

Typical uses for an isolation amplifier include sup 
plying excitation voltages to resistance potentiome 
ters or induction resolvers, and isolating the loading 
effects from high impedance circuitry. 


2. Direct Current Signal Amplifier 


‘igure 3 shows one channel of a typical amplifier. 
Fig | ] lof a t l plif 
A complete amplifier consists of two identical single 





a input Input transformer 
9 ou fo unit 


Tooooses te 
Pe eas Misti 
} 


’ 
’ 


Reference 
? input 
020000) 


Schematic wiring diagram of phase detector. FIG. 


Performance characteristics of phase detector. In (A) 


Phase aisplacemem 
, between Ezand E, 
F 





| 90 or 270 deg 





10 LS 
1 Eg (Input oc) 





E, (Reference ac) 


Ey (Output dc) 


E, (Reference oc) 








the 


input amplitude and phase both vary, while in (B) the input 


amplitude is fixed and the phase relationship is 


FIG. 5 


stage balanced amplifiers. ‘The two channels are in 
tended to function separately and give outputs suit 
able for the control of a magnetic amplifier power 
stage, a sensitive relay, or an indicating meter. But 
they can also connect as a two-stage amplifier. 


3. Phase Detector 


A phase detector, Figure 4, produces a de output 
signal that is a function of the amplitude of an 
input signal and its phase relationship with a fixed 
reference input of the same frequency. 

If one input is energized with a fixed input signal, 
E,, the output voltage throughout the linear range 
of operation will be 

E, = KE, cos 6 
where A = constant of proportionality 
E,, = de output voltage 
FE, = magnitude of variable ac input signal 


@ = phase angle between EF, and the reference input, F, 


Figure 5 (A and B) shows the characteristics of 
the phase detector output as a function of the ampli- 
tude and phase of the input signal. 

The phase detector can be used as a demodulator 

produce a de output indicating the phase and 
amplitude of the input signal. It can also be used 
as a null indicator to determine when two inputs 
are in a quadrature relationship. Figure 5 (B) shows 
that the variation of the output with phase change 
is most pronounced in the vicinity of the null points 


variable. 


(90 and 270 deg). ‘Thus the phase detector produces 
an output signal proportional to the amount the two 
input signals deviate from a quadrature relationship. 


4. Gain Compensator 


In many control systems there are wide variations 
in the gain of one or more servo loops over the normal 
operating range. Because of this it may be neces 

sary to sacrifice accuracy at the low gain conditions 
and or loss of system stability at the high gain 
condition unless compensation is provided. 

The gain compensation amplifier shown in Figure 
6 offers. a way to vary the amplifier gain as a fuene 
tion of an electrical control signal. “A typical unit 
can be used with input signals from 400 to 2,000 eps 

Figure 7 shows the gain characteristic as a func 
tion of the de control signal. ‘The gain is approxi- 
mately proportional to the reciprocal of the input 
signi il. This characteristic is suited to many applica 
tions, as will be shown later. Gain change is obtained 
by adjusting the bias of a remote cutoff pentode. 
The usable range of gain adjustment is about 20 to 1. 

This gain compensating amplifier also includes a 
phase sensitive detector. ‘This is convenient when 
it is used with a de controlled magnetic power ampli 
fier and also facilitates the incorporation of stabiliz 
ing networks. ‘Thus the output is a de signal whose 
polarity reverses with a reversal of phase of the 
ac input signal. 
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Ac gain adjust- 
ing signal, E, 


Reference 
supply, 
400 cps 


Ac input signal 
(400 cps), E, Gain 


compensating 


relaal*)ihal 1g De output, E, 


E; 
£o= = 


250vdce Filament 


Supply 


Block diagram of gain compensating amplifier. FIG. 6 
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Gain characteristics of gain compensating amplifier. FIG. 


Ac supply 


anna 























I'ypical vacuum tube amplifier for servo motor control. FIG. 8 


Schematic of phase-reversing magnetic amplifier (fast-response half-wave). FIG. 9 


5. Power Amplifiers 


‘The power amplifiers that drive small servo motors 
in clectromechanical systems are usually of the 
vacuum tube or magnetic amplifier type. Vacuum 
tube amplifiers such as shown in Figure 8 have long 
been the standard means for controlling low power 
servo motors in instrument applications. Many manu- 
facturers of small induction type motors market 
standard amplifiers with high impedance, center-tap 
ped control windings for plate-to-plate operation in 
conventional vacuum tube circuits. Thus no output 
transformer is required. 

Recently, packaged magnetic power amplifiers have 
become available and their use has grown markedly 
as system designers learn about their characteristics. 

The saturable transformer is a low gain magnetic 
amplifier, a variation of the saturable reactor. Its ac 
output voltage is proportional to the difference be 
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tween two dc control signals. ‘The output phase 
reverses depending on the relative magnitude of the 
control winding currents. Power gains of about 30 
are typical for 400 cps units. Because of the low 
gain, saturable transformers usually need a preampli 
her of the transistor, vacuum tube or magnetic type. 

Magnetic amplifiers with positive feedback have 
much higher power gains and higher ratios of power 
gain to time lag than nonfeedback types. A phase 
reversible magnetic amplifier with external feedback 
is a typical example. 

Another magnetic power amplifier is the fast 
response, flux reset type, Figure 9. ‘This employs 
half-wave, self-saturating elements arranged so that 
the output delivered to the load during the gating 
half cycle is determined by the level to which the 
magnetic flux in the core has been driven during the 
preceding reset half cycle. Power gains of 100 to 
1,000 per stage are typical. 





HOW THESE COMPONENTS ARE USED 


Induction Resolver Booster 


I'he induction resolver is a variable mutual induct 
ance with the coupling between the primary and 
secondary windings an accurate function of the 
angular position of the rotor. ‘The primary windings 
usually are located on the stator and the secondary 
or output windings on the rotor. ‘The two primary 
and two secondary windings are wound in space 
quadrature. 

l'ypical resolver primary windings have impedance 
values of 2,000 to 5.000 ohms for 60 cps units 
and 5,000 to 50,000 ohms for 400 cps units. ‘To 
prevent undesirable loading effects when the resolver 
is excited with signals from high impedance sources, 

buffer amplificr must be used between the signal 
source and the resolver winding. ‘The ac isolation 
implifier can perform this function. 

igure 10 is a block diagram of a resolver-boostet 
system. One amplifier channel is required for cach 
primary winding. Unused primary winding should 
be shorted out. 

Figure 1] shows an isolation amplifier exciting a 


Siwior excitation winding 2 


Compensating winding 2. 


resolver equipped with compensating windings. 
hese are auxiliary windings similar to the primary 
and wound in the same slots. By feeding back the 
voltage induced in the compensating windings, the 
primary winding is effectively made resistanceless and 
the secondary voltage at maximum coupling is propot 
tional to the input signal and substantially independ 
ent of changes in temperature and line frequency. 


Resistance Potentiometer Excitation 


Ihe isolation amplifier can supply ac excitation 
voltage to a resistance potentiometer just as it does te 
the induction resolver. Figure 12 shows an isolatio 
amplifier exciting a potentiometer. ‘The negati 
feedback signal is obtained from a separate feed] 
winding on the output transformer. 


Electromechanical Phase Measurement 


Figure 13 shows how an isolation amplifier and 
a phase detector can be combined with an induction 
resolver and a null indicating meter to result in an 


electromechanical phase measuring device. 
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/ 





- Excitation 
47 winding 





> ~ 
Output 
transformer 
Tuning 





copacitor 


Isolation amplifier feeding winding compensated resolver. FIG. 11 
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Resistive The resolver and the R, C, network act as a 
summing 


network phase shift device that produces an output voltage 
: fog 
FORE agne I equal in magnitude to 0.707E, and at phase angle 





(0, — 45 deg — Oz) 





Thus, rotating the resolver rotor shifts the phase of 
naan voltage Es with respect to FE). 
amplifier B The characteristic of the phase detector is such 
that its output voltage is zero when the voltages EF, 
signa! B and Ey are in quadrature. ‘hus, by determining the 
Output -- angular position of the resolver rotor at which a 
tronsformer null is produced, the phase displacement between 
the two input voltages FE, and I, can be measured. 
a a. The ambiguity of the null indication (null is 
. produced at both 90 and 270 deg displacement) can 
be resolved by noting the polarity of the error signal 
in the vicinity of the null. ‘The 90 deg displace 
ment is indicated when an increase in the value of 
os 6, near the null produces a negative indication on 
solver 


Null > te 
stator | the null meter. 
t~ > - 2» 


Feedback signol Meet : . 
- a C+) Automatic Phase Measuring Servo 


A phase measuring and indicating system, similar 

Isolation Phase. to that previously dexctiead but servo driven for 

automatic, continuous operation, is obtained by 

adding a servo motor, magnetic power amplifier and 

de signal amplifier. ‘This system is shown in Figure 

Reference supply 14. It will continuously produce an output voltage 

£,lOdeg proportional to the angular displacement between 

Phase indicating I, and E,. Phase measuring servos of this type are 
ae, used in complex control systems. 


























Ac isolation amplifier feeding resistance potentiometer. 


FIG. 12 




















crank 


The clectromechanical servo multiplier is a 
common system for obtaining the product of two 
variables. Where one or both of the variables is in 
the form of a shaft position, simple methods can be 

Dio! setting, deg used. However, if ac potentiometer excitation volt 
Block diagram of electromechanical phase measuring system — derived rome high impedance sources, isola 
and plot of null indicator reading versus dial setting for 0 tion amplifiers may be needed. 
equals 90 deg. FIG. 13 Where both signals are electrical, a servo system 
can be used to obtain a shaft position proportional 
to one of the input signals. Figure 15 shows such a 
Recoher steter system. ‘The magnetic power amplifier is a_ fast 
— response ac controlled type. 
E, loaeg ‘The same components will produce an output 
Feedback sign. reterence proportional to the sine or cosine of an electrical 
bi input when a nonlinear potentiometer is added, as 
shown in Figure 16. 
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Isolation Phase ‘i ° ° . 
= : detector Function Generator With Gain Compensation 
signal, E (@ 








i lle i aeiecatliae 
ie —_ "he servo multiplier and function generating 
stobiizing system described above have constant servo loop gain 
wor) r ° o. ° rye ° . 
at all input conditions. ‘That is, the error signal 
eanetie " produced per degree deviation from the null posi- 
fa amplifier tion is a constant regardless of input amplitude. 
' . 
However, there are some operations better handled 
Potentiometer : é ‘ ! ‘ 
excitation by systems in which the servo loop gain varies widely 
re Xs as a function of the input signal. If such systems 
Block diagram of automatic phase measuring servo. FIG. 14 must operate over a wide range of input conditions, 
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Sine - cosine Follow-up 
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me... 
output * K, sin @ = K, sin K, &. 








Cosine - : 
output * “200s O= K,cos KE, 


Sine-cosine function generator, servo driven. FIG. 16 


system performance can be compromised. At low the horizontal distance to a target and its elevation 
gain conditions accuracy is poor, while at the higher —_ are known and it is required to compute the slant 
gain conditions system damping is reduced and exces- range and angle of elevation, Figure 15. 
sive hunting or even continuous oscillation can result. A block diagram of a system that will continuously 
Proper use of the gain compensating amplifier will solve this problem is shown in Figure 19. ‘The stator 
extend the useful range of these systems. windings of the resolver are excited with the voltages 

Figure 17 shows an electromechanical servo system I, and E,, which are proportional to the two legs 
that will compute the square root of the input signal. of the triangle to be solved. ‘The outputs of the 
At low values of the input signal, E,, the error signal resolver rotor windings are 
per degree rotation of the output shaft is low. At 
higher values this gain factor increases. 

With a constant gain amplifier, system accuracy ' ; 

; “de If output b, which appears across resolver terminals 

will rapidly deteriorate when E, decreases below 
sti ‘ R;R,, is fed to the input of the servo amplifier, the 
25 per cent of its maximum value. ‘The plot of ; 

, system will be driven to a null when this output is 
gain versus input signal with and without the gain 

equal to zero. 

compensating amplifier graphically shows the 
improved performance that is possible through com- E, cos @ — E, sin @ = 0 
pensation. 


a E, cos 6 + E22 sin @ 
b — KE, sin 6 + EF, cos 6 


E sin 0 ' P 
° = = tan 
E, cos 6 


Electromechanical Triangle Solver Pas ’ 
'herefore, the angle @ at which the resolver nulls 


A common co ing problem 1 > soluti ; 
\ common computing pr yblem is the solution of is equal to 


a right triangle for the hypotenuse and angles when 
the length of the two legs are known. ‘This problem 
—the conversion of rectangular to polar coordinates 
—can exist in a gunfire control application, where 


tan 


‘This angle can be measured electrically by a potentio 
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Error signal squares of the two input signals and is, therefore, 


\ Goin Mognetic proportional to the hypotenuse of the right triangle 


4 ; ; : 
/nput —>q compensatin power os FF, ¢ o 
signal, E > "| oellar'= Sioner with legs FE, and Eo. 

















If the servo amplifier gain is constant, the loop 
gain is proportional to the rate of change of the error 
voltage appearing at the amplifier input as_ the 
resolver rotor angle 6 varies around the null point. 
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gain = /.sin @ + EF; cos @ 


Compensated Linear Since only the gain in the vicinity of the null point 
potentiometers : : 


agi ene is of interest and the angle 6 at null equals tan 
f (E2/E,), the servo gain is proportional to 
Uncompensated gain 


/ ; 
oi Proportional to /E, : VEZ + E 





hus the servo gain is a function of the amplitude 
of the two input signals. 
Input signal, E, For the ideal conditions of constant servo loop 
Square root calculator with gain compensator. FIG. 17 ain, the amplifier gain should be proportion il to the 
reciprocal of the uncompensated gain. 
ideal amplif 2 
. 1deal ar her gail ' 

meter geared to the shaft of the resolver. imi sg VEZ +E 

Output a, which appears at resolver terminals 
R, Re, can be expressed as follows for any angle @ 





By injecting a de voltage proportional to 

E; cos 6 + Es sin 6 a se 

into the gain control input of the gain compensat 

ing amplifier, this characteristic is approximated and 

the range of inputs for accurate system performance 
2 is extended. Figure 19 includes a plot of servo gain 

Thus, the voltage at resolver terminals R,R» is versus the gain factor with and without gain com 

proportional to the square root of the sum of the pensation. 
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The ‘‘Kitty Hawk" of Automation 


<3 5 “a ee The very first automatic fea- 
ture in motor control was the 








. ® no-voltage release in the Cutler-Hammer Bulletin 10 
. — Starter of 1892. The starter handle was held in the “‘on”’ 


position by an electromagnet and returned automatically 

to the “off” position whenever the power supply failed. 

This protected men at machines from sudden unex- 

_° pay : pected restarting, motors against burn-out due to the 
( =a inrush of uncontrolled current. 
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CUTLER: HAMMER 
CUTLER’ HAMMER = ° . . 
CUTLER-4AMMER 1 ¥ Ne zn ide as are seldom as new as mosi pe ople think. Automation is 
CUTLER’ HAMMER typical. If automation is tomorrow’s way of manufacturing, this 
CUTLER-HAMMER |= tomorrow dawned 63 years ago with the beginning of automatic 
CUTLER;HAMMER = . electrical control. What is now possible in automation is not the 
CUTLER-HAMMER: result of sudden discovery but the application of control tech- 
CUTLER-HAMMER = niques and equipment developed through decades of experience. 





=CUTLER-HAMMER This is an important consideration to anyone interested in 





UTLES- HAMMERS automation planning. Automation is always a major project. It 





oJ requires a large investment in planning and engineering... and 
qCUTLER-HAMMER = : | 





an outlay for equipment often without precedence in a company’s 








































































=cu . . 
: CUTLER-AMMER experience. The rewards for success can be momentous. But the 
CUTLER-HAMMER penalties for mistakes can be disastrous. 
=CUTLED<HAMMER Able management has been quick to realize the safeguards pro- 
* CUTLE R- HAMMER : vided by maximum automatic control experience in even the earli- 
est exploratory discussions of automation. As a consequence, 
= AMER é : ie: 
sCUTLE R: ple MMER Cutler-Hammer engineers and Cutler-Hammer Automatic Control 
: “CUTLE R-HAMMER have already helped in turning “visionary” plans into astounding 
automation realities in such diverse industries as cement, glass, 
Ny —d } LA v - . © 
Cl TLER-PAMMER paper, rubber, sugar, steel, textiles and automotive. 
=ICUTLER HAM MER If automation is a “must” in your future, now is the time to 
> act to make it a competitive advantage rather than a handicap. 
= x Se 4 wh ° . . . 
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IDEAS AT WORK 


Better Synchro Repeaters from 
Damper-Stabilized Feedback 


A servo drives an indicator dial to null a synchro con- 


trol 


transformer. 


Viscous-coupled inertia damping 


gives exceptionally fast and accurate response. 


JOHN E. WARD, M.I.T. Servomechanisms Laboratory 


Checking the accuracy of modern 
automatic airborne fire-control systems 
has posed a number of difficult in- 
strumentation problems. A very prom- 
inent one involves physical angles in 
the system under test. ‘These must 
be measured and recorded very ac- 
curately. 

Suppose it is necesary to sample 
a certain number of times per second, 
with an accuracy of plus or minus 0.5 
milliradian over an angular range of 
120 deg, the position of a* moving 
radar antenna or gun turret. Frequen- 
cies as high as 8 cps are usually pres- 
ent in the motion of such antennas 
and turrets. Thus, an over-all dy- 
namic accuracy of plus or minus 0.03 
deg and a resolution of about one 
part in 4,000 are needed in a process 
that includes measuring, recording in 
the aircraft, and later reading on the 
ground for data analysis. 

Recording is the most critical part 
of this process. There are possibili- 
tics of error in transferring measure- 
ments to the storage medium, in the 
medium itself, and in reading the 
medium. 

Available analog recorders, such as 
direct-writing or photographic oscillo- 
graphs, are out of the question where 
such accuracy and resolution are de- 
manded. One form of digital record- 
ing is to display information numeri- 
cally on a dial, where it can be photo- 
graphed and later recovered without 
loss of accuracy. Fire-control instru- 
mentation usually is based on this kind 
of system. 

Still, the indicating dials must be 
driven so that they repeat accurately 
the measured position. Synchro links 
are unsatisfactory in many applica- 
tions because of poor dynamic accu- 
racy and frequency response and lack 
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of sensitivity to errors caused by vi- 
bration, temperature, and friction. 


THE DATA REPEATER 


The data repeater developed at 
M.I.T. is packaged in a 3-in. diam 
aircraft instrument case, takes 9 in. 
behind the panel, and weighs 34 Ib. 
Its fine dial indicates 10 deg per revo- 
lution by ;s-deg increments. Its coarse 
dial indicates 120 deg in 10-deg in- 
crements. A vernier divides the fine 
dial to 0.01 deg. 

Figure | is a diagram of the synchro 
data repeater. Although it incorpo- 
rates a two-speed data system, only 
two gear meshes in the repeater are 
important when it is in normal opera- 
tion on fine data: that between the 
motor and the fine synchro, and that 
between the motor and the fine dial. 
Gear errors and backlash that occur 
at only two points can be contained. 


Due to viscous-coupled inertia dam- 
per stabilization,’ no electrical com- 
pensation is needed and the servo 
amplifier is a straight-forward ac type 
with a gain of about 400. Thus, the 
repeater is drift-free and insensitive to 
changes in carrier frequency. 

The damper designed for the re- 
peater has a turned magnesium shell 
(density 1.74) 0.030 in. thick with an 
inertia of 10.1 gm-cm’. The viscous- 
coupled slug is 2.5 cm diam by 2 cm 
long. It is sintered tungsten (density 
16.7) and has an inertia of 120 
gm-cm*. Thus the inertia ratio for the 
damper alone is 12 to 1. 

The radial clearance between the 
slug and the shell is 0.020 in., and a 
fluid viscosity of 3,000 centipoise gives 
break frequencies of 14.7 and 109 eps. 
Since these frequencies vary linearly 
with viscosity, servo band-width can 
be varied with silicone fluids of dif- 
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Synchro data repeater. 


Two-speed system employs relay data switch. 


Course 
dial 
(180Y turn) 
Only the two 


gear meshes at the damper pinion are important for fine data. There is no electrical 
compensation in this 400 cps system with Mk. 8 servo motor. FIG. 1 
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0.05° STEP 
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ferent viscosity in the same damper. 
PERFORMANCE 


[wo considerations in the perform 
ince of the data repeater are static 
iccuracy and following ability. The 
former is associated mainly with the 
accuracy of the data transmission and 
the dial; the latter is primarily a mat- 
ter of servo performance. 

Synchros with an error spread of 
20 min give a maximum static erro! 
of 0.02 deg between the 27-speed 
synchro transmitter and the dial indi 
cation. But anv gearing error between 
the 27-speed transmitter and the posi 
tion being measured must be con 
sidered when examining over-all error 
in a given installation. No additional 
error is introduced by photographing 
and projecting the dial image, even 
though the image may be reduced by 
i factor of 20 to 1 on 35-mm film. 

For the repeater to indicate faith 
fully at frequencies up to 5 cps, a gain 
crossover frequency of 40 cps and a 
maximum amplitude ratio of 1.3 were 
specified. The loop stiffness is 35 mo- 
tor volts per degree at the motor shaft. 
The velocity and acceleration con- 
stants are approximately 13,000 sec” 
ind 23,000 sec*. These high figures 
result from damper stabilization and 
make dynamic error negligible. 

Figure 2 illustrates transient re- 
sponse. For small steps within the 
linear range of about 0.1 deg, the 
repeater has a settling time of about 
0.04 sec. For a 1-deg step the settling 
time increases to approximately 0.2 
sec. Although transient measurements 
such as these are the best way to set 
the gain in a damper servo, step inputs 
ire not expected in practice when the 
repeater is following a physical svstem. 

For much larger steps, as in initial 
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Mirror servo rotates the cptical axis of a fixed camera plus 


or minus 20 deg in both elevation and deflection. FIG. 3 


Repeater transient response. 


svnchronization, the settling time be- 
comes as much as 5 sec In most 
however, this relativelv long 
svnchronization time is not a serious 
disadvantage, because the repeater can 
be synchronized prior to data taking 

Maximum acceleration is about 9! 
deg per sec per sec, twice that of the 
servo-driven svstems the repeater has 
to follow. Maximum slew speed is 32 
deg per sec. One outstanding featur 
of a damper-stabilized servo is extreme 
smoothness of operation The re 
peater follows smoothly at speeds as 
slow as 0.01 deg per sec, giving 
total speed range that is greater thar 
30,000 to 1! 


cases, 


FURTHER APPLICATIONS 


In the Helipot Data Repeater, the 
feedback element is a 10-turn helical 
potentiometer. This repeater, pack- 
aged in the same type housing as the 
svnchro data repeater, indicates 
range in radar sets, and the angular 
position where potentiometer rather 
than svnchro data are available. The 
damper assembly is the same but the 
fluid viscositv is lowered to 500 centi- 
poise to give a gain crossover frequenc' 
of 12.5 cps. Loop stiffness is 2.5 
(0.052 in.-oz) per degree at the motor 
shaft. The motor-to-Helipot gear ra 
tio is 7 to 1, and the gear train in- 
cludes a slip clutch and a washer-pile 
limit stop to protect the potenti- 
ometer. 

The Helipot Data Repeater has 
been used with both ac and dc ex- 
citation on the feedback potenti- 
ometer, but is subject to drift and 
calibration errors in either case. With 
a 0.05 per cent potentiometer it is 
linear to 0.1 per cent between input 
voltage and dial indication, and the 
fine dial, mounted on the potenti- 


* 


Repeater is linear 
for step inputs up to about 0.1 degree. 


FIG. 2 


omet¢ haft, reads directly to one 
part in 
Ihe servo developed for the data 
repeaters is also used in a unit called 
the mirr It is often 
better to rotate the optical axis of a 
fixed camera, instead of mounting the 
on a rotating member Lhis 
particularly so when tracking-erro1 
movies are needed for airborne radars 
that have small antennas, opaque ra- 
domes, and severe limitations 
within the 


1.000 


yr servo, Figure 3 


Space 
radome 

[wo damper-stabilized 
tate the azimuth and elevation mirrors 
to displace the 


SCTVOS ro 


camera optical axis 
plus or minus 20 deg in both eleva- 
tion and deflection within | mil, o1 
0.06 deg. These servos have the same 
performance as the svnchro data re- 
peaters 


RELIABILITY 


For about four vears now the re- 
peaters described here have been eval- 
uating bomber tail defense, tracking, 
More than 
sixty repeaters are in operation and 
reliability has been excellent. In a 
typical application, ten data repeaters 
installed in a photo theater indicate 
positions of a radar and turret, pre- 
diction angle components, radar range, 
ind roll, pitch, and yaw motions of 
in aircraft. They are photographed 
eight times per second. 


ind bombing systems. 
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SPECIFICATIONS 


INPUT 
20 to 35V DC 
ot approx. 5 m.a. 


OUTPUT FREQUENCY 
400 or 500 cycles 


Type 2007T 
+ —.02% from —65° to + 85°C. 


Type R2007T 
+ —.002% from + 15° to + 85°C. 


Type W2007T 
+ —.005% from —65° to + 85°C. 
OUTPUT VOLTAGE 
5 volts, sine wave. ; 
Substantially uniform p 
from —65° to + 85°C. Kk 
LIFE EXPECTANCY 


several times that of vacuum tubes 


INTERNALLY SHOCK MOUNTED 
on Silastic 


MAGNETICALLY SHIELDED 


HERMETICALLY SEALED These units, which are the result of several years of development 


OCTAL BASE and testing, offer a new standard of simplicity and reliability. 
SIZE ; S steal Pars 

aaa Ua ies Particularly noteworthy is the uniformity of output signal voltage 
WEIGHT with temperature change. Small size and light weight make them 


7 ounces ideal for airborne and portable use. 











r = ; ad 
COMPLETE INFORMATION ON REQUEST or applications where only higher B voltages are available, a 
PLEASE SPECIFY TYPE 2007T simple voltage reducing circuit may be used. 


American Time Products, Inc. 


580 Fifth Avenue New York 36, N. Y. 


MANUFACTURING UNDER PATENTS OF WESTERN ELECTRIC COMPANY 
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Dielectric Plating 
Goes Automatic 


Programmer controls current to 
minimize error and tedium in 


a dielectric plating process. 


GEOFFREY POST, General Cybernetics 


Automatic controllers now program 
the dielectric plating process at the 
Sanford Processing Co., Los Angeles. 
Individual controllers for each plating 
vat are mounted on a central panel, 
allowing one operator to supervise five 
batches simultaneously. 

The plating techniques include set- 
ting the threshold (initial) voltage, 
maintaining the current-time relation- 
ship during the plating period, and de- 
tecting “burning” (current surges). As 
the dielectric is plated on the com- 
ponents, the circuit resistance in 
creases; adjustment of the field rheo- 
stat raises the generator voltage to 
maintain constant current. 

When this operation is manually 
controlled the operator adjusts the 
theostat to the threshold voltage and 
slowly increases the plating voltage. 
Should a current surge, as seen on a 
meter, occur during any portion of 


Corp. 
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the plating cycle, the operator quickly 
drops to threshold voltage and starts 
replating. If current surges do not 
develop, the current is raised for a 
second and shorter period and finally 
for a very brief period. 

The automatic control circuits 
lessen this tedious side of the plating 
problem. Manual control, however, is 
retained for new plating programs and 
maintenance. 

The block diagram shows both 
manual and automatic control cit 
cuits, including the simple changeover 
switch. On manual the operator con- 
trols the plating process. On auto- 
matic the controller is self-operating, 
except for start-up. The threshold set 
theostat is manually adjusted between 
20 and 35 v and the power is switched 
on. A meter checks the threshold 
voltage. 

\ timer motor rotates the automa 














IDEAS AT WORK 
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tic field control shaft through a mag- 
netic clutch, increasing the voltage 
at an initial rate of 1 \ per 3 min. 
The rotation also winds up the reset 
spring connected to the shaft. At 
the end of the first period, adjustable 
from 10 to 20 min, the cycling relay 
starts the next rate of 2 v per 3 min. 
This period, also adjustable from 10 
to 20 minutes, leads to the third 
period of 3 v per 3 min and continues 
to maximum voltage. 

Current surges, exceeding five per 
cent of nominal, trigger the magnetic 
clutch. With the motor no longer 
connected, the reset spring forces the 
rheostat back to the threshold voltage. 

The controller, designed by General 
Cybernetics Corp., is reliable and 
needs little maintenance. Mechanical 
and magnetic components vary the 
low-power generator field controlling 
200 to 2,000 amp for plating. 


Electronic Controls Qualify On Altreco Port Arthur Catformer 


After a year’s operation, Atlantic 
Refining reports on the Swartwout 
electronic control for its 8,000 bbl 
catformer: 
> A 50 per cent saving in initial cost 
> A 50 per cent gain in response speed 


> Excellent 

nance 
But it 

ments: 

P A less elaborate power supply 

> An indicator by each valve 


accuracy; good mainte- 


also lists needed improve- 


P Faster valves to fit system response 

Relays (right) now actuate pneuma- 
tic valves at the process. Electric or 
hydraulic valve operators may replace 
these soon. Note also the lack of 
graphic design in the control console. 
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_ PROBLEM CHECK* 


*Patent Pending 

new REEVES development 
permits verification of problem 
set-up before a problem is run 











CHECKS: 


Diagramming of the problem 
from the equation. 





Patching of the problem from 
the diagram. 


Operation of all computer com- 
ponents to be used. 


ANALOG COMPUTER 


“Problem Check” is a new method developed by Reeves to verify 
analog computer circuits without disturbing the problem set-up. 
It's the only 


s Checking is done directly from the equation before the problem is run, 
Yetelatelasliot- | mh 2: ) A 


a ree en and the operation of every computing element is checked. 
prepared away from the machine. 
ee ly 
an absolute minimum of time is 
required on the machine to check 
the problem set-up in its entirety. 
A great deal of expensive check- 
ing and cross-checking while the 
problem is on the machine is 
thereby eliminated. 


® 
REVIEW THESE OUTSTANDING REEAA€ aooi Features 


Further, if the output of any computing element is not correct, the 
location of the difficulty is indicated, and the trouble can be quickly 
and easily found. After “Problem Check,” runs may be taken on 
the machine with assurance that the set-up is correct and that 


the machine is functioning properly. 


‘BUILDING-BLOCK 


Vow wen SPEED SERVOS 


Servo muitipliers have band- 
width over 50 cps. Velocity 
1500 v/sec. Six gang pots; 
two tapped with front panel 
plug-in turrets for function 
generation. 


Vow scr SPEED RESOLVERS 


Vastly improved dynamic per- 
formance .. . 35-cycle band- 
width. Rectangular and Polar 
operation; Full AGC either 
mode requires no trimming. 
Front panel plug-in turrets for 
function generation. 


CONSTRUCTION 
Permits assembly of computer 
elements in any desired com- 
bination to do particular _ 
or expand existing installa- 
tion. Completely adaptabie to 
your specific requirements. 


Mattccnmens PATCHBAY Yew: rowerrur AMPLIFIERS 


Available in units of 1632, 
3264 of 4896 holes for maxi- 
mum “flexibility. Color-coded 
mask aids in patching. Patch- 
board — possible during 
operation 


New dual amplifier chassis, 
individually chopper-stabilized. 
Noise jess than 3 mv rms 

. Phase shift 0.075° 
cps. Bandwidth over 
10 KC in cabinet. 





REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America 
209 East Sist St., New York 28, N. Y. 





REAC 
Analog 
Computers 


Precision 
Floated 
GYROS 
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Precision 
RESOLVERS and 
> PHASE SHIFTERS 


] 
SERVO 
MECHANICAL 
PARTS 
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Control rcom for dilution plant. Recorders on far wall indicate 


content of gas being made. FIG. 1 


IDEAS AT WORK 


Some of the mixers and piping involved in the heating value 


control systems. FIG. 2 


Dilution With Feedback Pays Off, 8:1 


Tokyo Gas Co. has a wonderful argument for systems 


analysis. 


automatic. 


SADAHIKO ARAKI, Tokyo Gas Co. 


The Tokyo Gas Co. supplies + mil- 
lion cubic meters of gas each day to 
Japan’s largest metropolitan area (pop. 
7 million), The construction and engi- 
neering department applied automatic 
control to the gas diluting plant that 
controls heat content and reduced the 
3 per cent variation in heating value, 
inevitable with manual control, t¢ 
less than 0.7 per cent. 

More remarkable, though, is the 
better use of gas holders made possi- 
ble by automatic control. The heat- 
ing value of the output gas is speci- 
fied at 3,600 kilocalories per cubic 
meter. With automatic control the 
high calorie gas can be diluted just 
before delivery. ‘This means that the 
existing 3,600 kcal gas holders can 
now be used to store 9,000 kcal gas. 
Thus, the storage is effectively in- 
creased by 9,000/3,600, or approxi- 
mately 24 times. 

lhe company had been facing the 
necessity of buying new holders due 
to increasing demands for gas. Stor- 
ing high calorie gas, however, was the 
same as getting 120,000 cubic meters 
of extra holding capacity. New hold- 
ers of that capacity would have cost 


It cost $100,000 to make heating value control 


But it saved $800,000 worth of expansion. 


$800,000... The heating valve control 
system cost only $100,000. 

Ihe system's measuring element is 
a Junkers Calorimeter. The tem- 
perature rise in the calorimeter is 
measured by a_ thermocouple, and 
recorded by an electronic potenti 
ometer. The potentiometer controls 
a proportional plus reset plus rate 
pneumatic controller. This in turn 
controls the hvdraulic ratio regulator 
that regulates the flow ratio of high 
calorie gas (oil gas plus coal gas) to 
produce gas and air. See Figure 3. 

The Junkers is a water flow calori 
meter; hence, it is sluggish. It has a 
time constant of two minutes and a 
dead time of three minutes. It is 
used because it is imexpensive and 
rehable. 

The lag in the calorimeter is bal 
inced by the small holder for 3,600 
keal gas. This, with the pipe sizing 
and arrangement, filters the shock of 
a demand change before it can affect 
the heat content of the gas. 


(Mr. Araki plans to give complete 


details of his system at the Sixth 
International Gas Conference in New 
York, Sept 26-30, 1955.) 


OIL GAS —COALGAS PRODUCER Gas 
0,000 $800,200 
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Low-calorie producer gas and air dilute 
the high-calorie oil and coal gases. Left 
hand system is main supply; right side 
has storage to filter demand surges. At 
high demands, the high-calorie bypass 
opens and air is added; producer gas rate 
is constant. FIG. 3 
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IBM selects DU MONT TYPE 329” as test 
oscillograph for their new type 702 computer 


When IBM Corporation, world’s largest manu- 
facturer of computer equipment, produced their 
new Model 702, an essential phase of the proj- 
ect involved selection of a cathode-ray oscillo- 
graph to go into the field with each computer 
as standard test equipment. Requirements were 
strict. 

IBM's approach to the problem was to conduct 
side-by-side evaluation with other competitive 
instruments. On the basis of actual perform- 
ance, they selected the Du Mont Type 329 
as their test oscillograph. 

What are some of the primary reasons why 
IBM decided on the Du Mont Type 329? 
Excellent sensitivity—either d.c. or a.c. coupled. 
Precisely calibrated sweeps with movable notch 
magnification—ideal for making accurate meas- 
urements. Brightness—adequate for display of 
very fast pulses. Synchronization simplicity— 


the Type 329 “locks in” on almost any type 
of signal. Stability—the trace remains steady 
as a rock despite power line fluctuations, etc. 
Reliability in service—calibration adjustment 
requires no extra test gear and is a simple 
one-step process. And virtually any tube may 
be replaced without special selection. 
Another factor contributing to the selection of 
the Type 329 was the well known Du Mont 
Field Service Organization, which assures that 
regardless of where in the United States the 
equipment is used, swift, competent service 
facilities are in the immediate vicinity. 

If you have instrumentation requirements, 
Du Mont facilities are always available for 
discussion and recommendations. Write us 
today for complete information on the Type 
329, or on any problem you may have relat- 
ing to cathode-ray instrumentation 


*’’Modified slightly for IBM’s application.” 


I J Mi ONT ALLEN B. DU MONT LABORATORIES, INC. e TECHNICAL SALES DEPARTMENT 
760 Bloomfield Avenue, Clifton, New Jersey 
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IDEAS AT WORK 


Problem Checker Checks Computer Too 


A simple, inexpensive circuit 
can eliminate analog computer 
patching errors and catch com- 
puter malfunctions at the same 
time. 


R. D. McCOY and B. D. LOVEMAN, 
Reeves Instrument Corp. 


Ihe modern analog computer is a 
versatile, accurate, and reliable tool for 
dynamic systems engineering. But the 
operator can make mistakes, and occa 
sional machine malfunction can cause 
trouble. 

The increasing size and 
computers and the complexity of prob 
lems handled make setup errors even 
more serious. Prepatching of prob- 
lems on removable patch panels is in- 
valuable as a time saver, but presents 
another opportunity for mistakes. 
Thus, it has become necessary to pro- 
vide a system for adequately checking: 

> Problem coding 

> Patching 

© Scale factor potentiometer settings 

> Computer component operation 

Che “Problem Check’’* system does 
all this, and is easy to use. Checking 
of computations is minimized and 
sources of trouble are localized. This 
is all without disturbing the 
problem setup. Also, the system is 
inexpensive. 


MODES OF OPERATION 


Problem Check circuitry (Figure 1 ) 
involves each integrator in the com- 
puter and provides six basic operating 
modes: balance check, reset, operate, 
mold, problem check static, and prob- 
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static 


| Operate | Hold | 


c heck 











Reset Operate 
D 
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Circuitry required per integrator for Problem Check. ‘Table 
shows relay positions for various checking modes. FIG. 1] 


lem check dynamic. 

In balance check, the summing 
junction is grounded and resistor R5 
is paralleled with the integrating con- 
denser, C. The de amplifier can then 
be set to zero output by its balance 
potentiometer if necessary. 

Reset connections are the same as in 
balance check except that the initial 
condition voltage is fed from the 
patchbay to the integrator grid through 
R6 by a relay contact closed only dur 
ing reset. Thus, integrator initial con- 


ditions are established. 


In operate, the summing junction 
is connected to the grid and the inte- 
grator’s output is the negative of the 
integral of the sum of its inputs, with 
appropriate scale factors, plus the in 
itial condition. R5 is not in parallel 
with C, 

In hold, connections are the sam 
1s for balance check except that R5 is 
not in paraliel with C. With no in 
put, the integrator output voltage rc 
mains at whatever value exists when 
the integrator is put into hold. 

In problem check static, the inte 
grator 1s 1n operate except that its out 


put is disconnected from the “‘inte- 
grator out” terminal on the patchbay 
and R5 parallels C. Its output is the 
negative of the sum of its inputs. A 
voltage from the “problem check 
potentiometer’ replaces the integrator 
output at the patch bay terminal and 
becomes an input to the problem. 
Connections of problem check 
dynamic are the same as in problem 
check static except that R5 no longer 
parallels C. After integrating for a 
preset interval, the integrator is put 
automatically into hold. Note that the 
output remains disconnected from the 
patchbay with the problem check 
potentiometer substituted for it. 


PROBLEM CHECK STATIC 


To clarify the use of Problem Check, 
svstem of differential 
equations mechanized in Figure 2 


consider the 


S610 


The problem check potentiometers 


A SAMPLE PROBLEM 


SHOWS HOW TO USE THE CHECK 
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ANALOG COMPUTER 











$sez 


SOLVE 


Electro-mechanical problems... 


IN THE LAB! with Servomechanisms’ 
efficient, economical 
Mechanical Development Apparatus | ae 


Pictured above are typical Mechanical Development Apparatus (MDA) 
assemblies, complete with electrical components. MDA is an assortment 
of standardized, precision-built, mechanical components designed for the W/ s 
purpose of simulating instrument and control systems in the breadboard Stainless Steel Shafts “6 %) 
phase of development. The apparatus makes designing extremely fast and and Gears C 4 
economical. An appropriate group of these versatile units can be quickly 
assembled into a desired mechanism. The components C 

lend themselves to endless use and re-use due to ¥ 4) / 

the flexibility of its design. Only a small r 2 ey, 
assortment is needed to cover a multitude of ; le "le Ly 
problems. Prove out your design, quickly e >) 5 

and economically with these : Lead Screws, Clutch 
versatile “tools” 





Dials, Cams, Switch @ 


Limit Stop, Couplings & a aoe 
SD VE (SERVOTICICNISMS) covrovenrs omsin 
oh: INC. 625 Main Street 
\ Westbury, L. I., N.Y. 
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Sample problem shows how to use Problem Check. Outputs of integrators 1 and 
6 are opened and simulated by PC1 and PC6 for static and dynamic checks. FIG. 2 


PC] and PC6 are constant voltage in 
puts and cause voltages to appear at 
the output terminals of each comput- 
ing clement. All of these output volt- 
ages can be read and their values re- 
corded. From the flow diagram and 
the equations, the correct value for 
each of these outputs can be calculated 
ind compared with the measured 
values at Problem Check conditions. 
For example, assume check con- 
ditions \ 1,000 fps and @ = $ radian. 
Then the Problem Check potentiom- 
eters should be set so that PC] = 
100 v and PC2 9.55 v and the cor- 
rect outputs are: 
OUTPUT 
AMPLIFIER FACTOR VOLTAGE 
1 »/10 9.05 
, 32.2 sin 6 10.5 
32.2 cos 6 30.4 
1000 6 —30.4 
— 1008 3.04 
Ke ge a 


6 2 0 0.87 


Multiplier A 10~4 yp? 
Multiplier B v6 


100.0 
—30.4 


In cases where the mechanization 
includes nonlinear elements such as 
limiters and function gencrators, it 
may be necessary to verify computer 
yperation at several check values. 


PROBLEM CHECK DYNAMIC 

Problem Check static verifies that 
ill elements except the integrating con- 
densers are functioning correctly. To 
check integration, the computer is put 


into Problem Check dynamic. All inte 
grators then integrate for a fixed time. 
determined by a precision timer, and 
at the end of this time they are put 
automatically into hold. The output 
of each integrator equals a constant 
times the initial value of the derivative 
of the problem variable computed 
the integrator. 

For the sample problem, with 
nine second integration time. tl 
outputs are 

OUTPUT 
AMPLIFIER FACTOR VOLTAGE 
1 100/10 o.5 


65 0% s i) 


IDEAS AT WORK 


Note that the proportionality factor 1s 
ten instead of nine because each 
integrating condenser has an_ initial 
charge. The output voltages of the 
other computing elements are un- 
changed because the integrator out 
puts are still disconnected from the 
rest of the problem. 

To facilitate computer operation 
during the check, an automatic digital 
recording system may be added. The 
utput of each computing clement can 
be SC inned in turn by a stepping 
switch and, at each switch position, 
the voltage converted to digital form 
and printed out. 


ADVANTAGES 


Problem Check is analogous to cod¢ 
checking on digital computers. The 
problem is set up on prepatch boards 
uwav from the machine. In a relatively 
short time at the machine, the setup 
is “problem checked.” The operator 
mav then restudy the entire 
iwav from the computer, which can 
be used meanwhile on other problems 
The check may be repeated as neces 
sarv without disturbing the problem 
setup 

After the code is verified by Prob- 
lem Check, runs may be taken on th¢ 
computer with considerable assuranc 
that the setup is correct and the ma 
chine is working properly 

The basic cost of Problem Check 

me relay per integrator, one poten 
per integrator, and one time 
computer. 


setup 


+; . 
1lomete 


unit pel 
Reeves has Problem Check 
iddition to 


Ed. note 
in kit form for 
RE AC 


existing 





“Now, son, that control was good cnough for my pappy an’ good 


enough for me . 


. . Let’s be cautious about this here auttymation.” 
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Nuclear sensing heads mount over coated fabric (rear) passing from calender rolls. 


NUCLEAR GAGING COMES IN A CONTROL PACKAGE .. . 


Last March CONTROL ENGI- 
NEERING ran a seven page article 
which described the flourishing growth 
of radioactive-type instrumentation 
since the war. The many letters from 
readers evidenced a strong industrial 
interest in this new tool. Now comes 
this packaged control system approach 
as further proof that nuclear gaging 
techniques are moving into practical 
closed-loop applications. 

Actually, the three photographs on 
this page show the hardware for a 
specific system—the automatic con- 
trol of a 4-roll inverted L calender at 
the Mansfield Tire and Rubber Co., 


Coating weight is continuously recorded on strip chart. 
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in Mansfield, Ohio. ‘The maker of 
the control system, Industrial Nucle- 
onics, however, believes that its basic 
clements of continuous ray gaging of 
thickness and automatic adjustment 
of calender rolls can be fitted together 
for many other analogous industrial 
applications. Hence it has trade 
named the system “AccuRay” and of- 
fers it as a package to other users. 

At Mansfield, ““AccuRay” automati- 
cally adjusts the calender’s bottom 
and offset rolls which simultancousl, 
lav a top and bottom coating of rub- 
ber on tire fabric. The results, accord- 
ing to Industrial Nucleonics: more 


LISTING IN GROUPS 


1 Nuclear Gaging Pack- 
age 


2-9 Digital Devices 
10-13 Valves for Control 
14-17 Instrument Parts 
18-21 
22 31 Items for Measurement 
32-34 Three Record Makers 
35-43 Motors and Motion 
44-49 Relays and Switches 


For Remote Control 


uniform tire fabric, material 
ind, a cooler running, bette: 
tire for the public. 

As shown in the top picture, two 
radiation-source measuring units are 
mounted at the point where the 
coated fabric moves over the cal- 
ender. Variation in coating weight 
is picked up by proportional variation 
in radiation passage through the ma 
terial. ‘These variations are fed back 
to the strip chart recorders seen below. 
\bove the recorders are associated 
control units that proportionately po- 
sition the left and right side of the 
calender rolls. The recorders also 


savings, 


vearing 


Calender operator flips a switch to automatic control. 





. . . AND IS AUGMENTED BY A NUMERICAL ANALYZER 


register the exact weight of the fabric 
in passage. 

\side from continuous control ac 
tion, charts from the system are an 
alyzed by the Quality Control Dept. 
so that tolerance precision and produc- 
tion speed are held to a realistic ratio. 

\ugmenting the basic “AccuRay” 
system is Industrial Nucleonic’s Pro 
duction Analyzer, Model D-5—the 
black box pictured at the right.  Es- 
sentially, this is a neat little computer 
that will numerically display the total 
production passing through the nu- 
clear gage in terms of weight and 
thickness. It is also capable of classi- 


fying this production into three grades 
—premium, good, and reject —and 
tabulating plus or minus variations 
around a norm for good and reject. 
Production figures show up on six 
digit counters on the display face of 
the unit. Measurement can be in 
feet or yards, or multiples thereof. 
Accurate tabulation has been done 
over a wide range of process speeds 
in various steel strip, rubber, paper, 
ind plastic sheet forming operations. 
Industrial Nucleonics Corp., 1205 
Chesapeake Avenue, Columbus 12, 

Ohio. 
Circle No. 9 on reply card 


CALIFORNIA SPAWNS FOUR 


MORE DIGITAL DEVICES 


a. eR ES 





— 


TURNS TRACES INTO DIGITS and delivers to computers via 
punched tape, typed sheets, or punched cards. 


OSCAR Model N converts oscillo- 
graph records into digital symbols. 
The unit’s digital output is either in 
straight binary notation (from 0000 
to 4,905 counts) or in decimal digits 
(from 0000 to 3,999). This can be 
programmed into automatic typewnt 
ers, paper tape punches, or punched 
card machines. The manufacturer 
claims an accuracy to within one count 
of full scale. Vacuum tubes have been 


climinated in the 
said to embracc« 


design, which is 
a new principle—a 
cvlinder connection between the oper- 
itor and the machine. The new ma- 
chine is one more link in this com- 
pany’s unique and expanding line— 
see cut on the third page of this 
month’s “What's New’. Benson 
Lehner Corp., 2340 Sawtelle Blvd., 
Los Angeles 64, Calif. 

Circle No. 2 on reply card 


PUNCHED TAPE data plotted 
graphically to three digits 


Punched tape now can operate an 
X-Y plotter. [his puts it in the 
same league with a keyboard input, 
punched decimal IBM cards, and dig- 
ital computers. While plotting from 
the tape goes on, an automatic type 
writer, such as the Flexowriter, can 
put the data in printed symbol form. 
Nine symbols are required on the 
tape for each point plotted: a sign 
ind three digits for each coordinate 
ind a carriage return or “‘replot”’ sig 
nal. ‘Ten symbols a second is the ope: 
ating rate, but plotting speed limits 
ictual plotting to one or two seconds 
per point. Ihe contains 
42 tubes. Librascope promises more 
machines of this sort, opening up the 
digital plotting game to whole fields 
of digital data storage systems. Libra 


ope, Inc., 1607 Flower, Glendale, 
Calif 


converte! 


Circle No. 3 on reply card 


JULY 1955 101 





NEW PRODUCTS 


DIGITAL COMPUTER extends 
yond previous models. 


In the background here are three 
cabinets housing ALWAC III, the 
latest in a line of digital computers 
made for small organizations with 
large computations. The machine 
offers fast access storage of 128 words, 
ind magnetic drum storage of 4,096 
(on special order 8,192). Word 
length is 32 binary digits plus sign. 
Iwo of the 78 address instructions 


Lights relays 
or solenoids 














performance and capacity be- 


take the place of one word. A Flex 

writer (punched tape input-output 
tvpewriter) or IBM card converte: 
comes with the device. Incidentall 

90 per cent of its design is composed 
of six basic plug-in components. I 
gistics Research, Inc., 141 South Pa 
cific Avenue, Redondo Beach, Calit 


Circle No. 4 on reply card 


Oigitatizing relay 


normally closed 





























Hundreds decade 


Brushes 


(¢}+—_0 
—-(2)e 
os 














Increasing count 





Tens decade 


Units decade 


6-DECADE ‘‘DIGITIZER’’ CONVERTS shaft rotation to a million 


digital notations. 


Joining the 3, 4, and 5 decade an 
ilog-to-digital converters of this com- 
pany is a new 6 decade model, which 
will accumulate a total of 1 million 
counts at the rate of 10, 40, or 100 
counts per turn of the input shaft. 
Its brushes can retract during rota- 
tion, allowing speeds of up to 18,000 
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rpm on the input shaft (3,000 digits 
per sec) and greatly reducing torque. 
Starting torque is 0.01 oz-in. Oper- 
ation for continuous readout with the 
brushes and contacts engaged also is 
possible. Manufacturer declares this 
“Digitizer” is the first 6<lecade in 
strument of its type, and suggests in 


stallation on data reduction equip- 
ment and comparators, in automatic 
ontrol systems, and any other systems 
that require digital expression of a 
large number of shaft rotations. ‘The 
instrument weighs 3 Ib and fits in a 
ise 7.4 by 5 by 14 in. Coleman 
Engineering Co., Inc., 6040 West 
Jefferson Blvd., Los Angeles 16, Calif. 


Circle No. § on reply card 


STILL MORE 
DIGITAL DEVICES 


ANALOG TO DIGITAL trader 
converts to digital notation. 


Maximum output of this little ana- 
log-to-digital converter is 13 natural 
binarv bits and their complements 
This makes a maximum output read 
ing of 8,192, and without ambiguity, 
t is said. The high readout rate cou 
ples with readout “on the fly.” The 
lirection of rotation for increasing 

be changed simply 
output 


numbers can by 
selecting appropriate 
The ADC-1IA needs no translation 
equipment. It looks like something 
potentially dear to computer design 
ers and those searching for a digital 
ransducer output. Norden-Ketay 
forp., 555 Broadway, New York 12, 


N.Y. 


wires. 


Characteristics 


Size .......1} in. diam by 23 in. 


Readout rate 10° per sec. 
Weight ..... aa reaess .7 OZ. 
Moment of inertia. 9 gm-cm 
Contact rating... .35 v at 5 milliamps 
Driving torque 0.2 oz-in. 


Circle No. & on reply card 





SOLA CONSTANT VOLTAGE TRANSFORMER 
CONVENTIONAL POWER TRANSFORMER 


6.8 
6.6 
6.4 
6.2 
6.0 
5.8 
5.6 
5.4 


5.2 


D.C. OUTPUT VOLTAGE 
FILAMENT VOLTAGE 


5.0 
48 
46 


44 
100 110 120 100 110 120 


PRIMARY VOLTAGE PRIMARY VOLTAGE 


These curves contrast the plate and filament supply voltages obtained from 
a Sola and a conventional power transformer when line voltage is varied 
from 100v to 130v. 


Improve performance of control components 
with built-in regulating power transformer 


You can make sure your product will always receive correct plate TYPICAL STOCK UNIT: Sola Electronic 
on 3° . Power Transformers are made for chassis 
and filament voltages by building in a Sola Constant Voltage Power mounting. They are furnished complete 
Transformer (Type CVE) in place of a conventional, non-regulating with separate capacitors and capacitor 
power transformer, mounting brackets. 
The Sola CVE provides +3% regulation of plate and filament 
supply, with line voltage variations of 100 to 130 volts. Regulation is 
completely automatic, continuous and substantially instantaneous 
(1.5 cycles or less). Sola CVE stabilizers have no moving parts or 
tubes, require no manual adjustments or maintenance, and are self- 
protecting against short circuits. 
Three stock units (all with high voltage ct, 5.0v and 6.3v regulated 
windings) are stocked by your electronic distributor. You can order 
production quantities of special units manufactured to your specifi- 
cation. We invite your inquiry. 


Automatic, Maintenance-Free Voltage Stabilization 
SEND FOR FOLDER: 


- Please write for folder which 
iN Constant Vollage gives complete data. 
Ask for CIRCULAR 26G-CVE-195 
S ‘mm \ TRANSFORMERS 


Ms CONSTANT Ming there 8 e SOLA sLectaic €0. sags West 16th Street, so, iisote Bt Bishop 2-1414 ic 
Siesphen Bm, aiapahaia Sunset Boulevard ¢ 


@ NEW YORK 35: 103 East 125th Street tos 26: 2025 
\. oon ° alee Fe Ree Senge aaad ® KANSAS CITY Y 2, MISSOURI: 406 West 34th, Street ° 
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Precision 
UNWN1E-WOMWMWL 


Po tentiome ters 


“Lo-TORK” POT LT 7% 


For minimum-torque uses in computer, 
servo, and selsyn service. Stainless- 
steel precision ball bearings. Maxi- 
mum torque is 0.01 inch-ounce. Dissi- 
pates one watt at 80°C. Resistances— 
100 to 100,000 ohms. Weight is only 
$ ounce. Ganging to six decks; inter- 
nal clamps hold { ” diameter. Standard 
linearity 0.5%; on _ special order 
0.25%; toroidal winding allows wind- 
ing angles to 360°; standard 354°. 


AP 1%-S 


AP 12-S 


MICRO-MINIATURE and MINIATURE 


Series AP ¥2-S—2 watts continuous at 
80°C; resistances 10 to 20,000 ohms, 
5% tolerance standard; diameter }”, 


depth §”, weight } ounce; sealed well 
enough for potting. 

Series RT 7g-S—3 watts continuous at 
80°C; resistance 10 to 100,000 ohms; 
diameter {”, depth }”, weight 4 oz.; 
standard linearity 2%. 

Series AP 1%-S—4 watts continuous 
at 80°C; resistances 10 to 150,000 
ohms; diameter 14”, depth 4”, wet. less 
than } oz.; standard linearity 1%. 

All precision-machined, with anod- 
ized aluminum bodies _line-reamed 
phosphor bronze bearings, centerless- 
ground stainless steel shafts, and gold- 
plated fork terminals. Fully sealed 
and fungus-proofed. Can be processed, 
on special order for use at 125°C. 
Aerohm potentiometers are individu- 
ally checked for quality and perform- 
ance. 








Write for cop) 
of our neu 
catalog 
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DIGITAL TO ANALOG through 


small resistance steps. 

This little box is designed for gen- 
eral computers and as a digital to 
analog converter. It contains a group 
of resistors that can yield accuracies 
on the order of 2 ohms in 131,070. 
It gets to that value in 2 ohm steps. 
For settings above 3,000 ohms, any 
value can be achieved with an accuracy 
of better than 0.01 per cent. ‘Tempera- 
ture stability is within five parts per 
million per degree C at 20 deg. Trick 
behind the little machine is the in- 
itial accuracy of 0.0015 per cent built 
into each resistor, which is associated 
with mates that watch over tempera- 
ture effects, etc. The manufacturers 
call it the Binary Multi-Resistor, BMR- 
105. Julie Research Laboratories, 34] 
East 149th Street, New York 51, 
N.Y. 

Circle No. 7 on reply card 


PROCESS MEMORY links 
properties of moving material 
with meter readings. 


The functions of this Proportional 
Syncronizer are clever indeed. Ex- 
ample: a steel strip, rolled into tubing 
and then welded, is gauged for thick- 
ness some time before the actual weld- 
ing takes place. The Synchronizer 
stores in its ‘“‘memory” the sheet thick- 
ness reading and later this information 


is read out to control the current of an 
arc welder. The time between input 
and output of the memory data equals 
the time for the measured material to 
pass trom the measuring point to the 
welding point. Actually, the unit is 
constantly synchronized with the prog 
ress of the material. The synchronizer 
also functions as a coating measurer. 
The first reading stored is the thick 
ness of the stock, the second the 
thickness of the stock plus coating, 
and the third, obtained by subtracting 
the first reading from the second ovet 
the same point on the material, is the 
coating thickness alone. Pratt @ 
Whitnev Div. of Niles-Bement-Pond 
Co., West Hartford 1, Conn 


Circle No. 8 on reply card 


PRECISION DELAYS with 
3,000-frequency oscillator- 
counter. 


A thermostatically controlled crystal 
gives this Precision Digital Delay Gen 
erator an accuracy of 0.001 microsecs 
in 1,000 microsecs. It can check its 
own accuracy, manufacturer says. Op 
erating continuously or on a one-shot 
basis, the relay’s 3,000 basic frequen 
cies, between 20 cps and one mega 
cycle, make delays accurate to one part 
in a million of the timing frequency 
Kaiser Metal Products, Inc., Bristol, 
ra: 

Circle No. 9 on reply card 


FEEDBACK FACT 


Posed: Some way to speed up “‘shots’”’ 
before the dangerous season. 

Solved: The Army unites word with 
action. Its new vaccinator is pistol- 
shaped, triggers the stuff into you at 
250 psi before you can say ouch. 





CYCLONOME 


A device which converts electrical cycles into s 


haft 
positions, or, a stepping motor. You could also quite accurately 
say it’s a very synchronous motor that works in jerks 


It has one moving part, a toothed wheel, that makes n 
CONTROL thing else except ball bearings. The ratchet and stepy 


plished magnetically in air gaps. Like a synchronous motor, it operates on 
reversals of a magnetic field 


eoeeeeeeeeeeeeeeeeeneeeneeneeeeeeeeeeeeeeeee 


e Y } oeeeeee 
@ If energized with the following signal 
. Vr AY 7 {) a } () 
4 | 
U UU 


}) | / r 
U U U 


It will rotate (in jerks) as follows, advancing and pe J 
stopping for a spell, for each half cycle _  ,. 
ONE REVOLUTION 


oO hat each full cy roduces 2 ks, and that 10 ful cles produce 
% Flow volume Note that each full cycle produce jer n ce 1 rev 





High limit | 20 jerks per revolution is below par for a Banana Republic, but works out 


BS SAR ARRN ARAN . handily for decade style counting, and cycles are nice and ry if you look at them with ar 





Low limit } alternately biased viewpoint 


* 


These gadgets are useful for all sorts of counting 
as high-torque instant-start synchronous motors. We're ex; 
and 20-throw wafer switches with up to 4 decks or pol 
telephone dialing can be done very fast and q 


0 1020 60 PSI 100 
We don't understand about computers and bigits anc 
automation, so you'll have to settle for what we know ab 


ONE MOVING PART and ee 


q 


no springs in this flow control. i CC NREAHAE TENNESSEE HEE 00004606 6006606066 66000064008 


TECHNICAL SPECIFICATIONS 
TYPE 13A 


Simple enough is this flow-control. 
One moving part, a molded Neoprene 
diaphragm, is flexed to provide control 
through 0 to 150 psi of line pressure. 
The control's 21 flow rates, from 0.2 oo St pre ae 
to § gpm, are held accurate to bette: 
than 10 per cent of the desired value. 
The figures are based on use with 


Size 


Torque 


Max. speed, stepping 


Mox. speed, synchronous 





water. Three pipe sizes, 4, 2, and 4 in.., 
ter si | 1] > Sie hy ag ee For ELECTRICAL INPUT REQUIREMENTS, see bulletin for which please write 
are on tap. Hays Mfg. Co., Dept. 235, 


West 12th Street, Erie, Pa. 
Circle No. 40 on reply card 


MINIATURIZED THROTTLING 
valve three operating modes. 


Direct or reverse action, top 
mounted positioners, and handjacks | 
are available with this 6 in. high auto- 
matic diaphragm control valve newly SIGMA INSTRUMENTS INC., 69 PEARL STREET. SO. BRAINTREE, BOSTON 85, MASS 
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PRECISE 
CONTROL: 


Page] Wale 
CONTROL: 
equip your 
production 
lines with 


fast, 
rugged, 
reliable, 


PRE-SET COUNTER- 
CONTROLLERS 


Model 8684 


features: 
>>> Count items, events or units of 
process flow up to any pre- 
selected number 


>P>P Visually display the progress of 


every count 
>P>P Provide electrical control of any 
external function when pre-set 
count is reached 


Handle continuous or random 


counts 


>>> 


>>> 


Various counting rates available, 
up to maximum of 20,000 counts 
per second, according to model 


>>> 


Available in single or dual pre- 
set types for control at one or 
at both of two chosen quantities 


Manual or automatic re-cycling 


A wide range of models, both pre-set 
and totalizing, are available through 
unique unitized design. Models are de- 
scribed in. the new Industrial Count 
and Control 

for your copy. 


ATOMIC ae Cone 


CAMBRIDGE 39, MASSACHUSETTS, U. S$ A. 


Systems Bulletin - write 
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| NEW PRODUCTS 


added to maker's “Bantam” line. 
There are five sizes (# in. and below) 
of linear, equal percentage, or quick 
opening plugs. George W. Dahl Co., 
430 High Street, Bristol, R. I. 


Characteristics 


Control pressure 

Weight 

Pressure rating 

Temperature range to 350 deg. F 
Circle No. 24 on reply card 


BELLOWS-DRIVEN motor valve 
fits several systems. 


Manufacturer declares that this bel- 
lows motor valve, the No. 992-D, feels 
at home in both hydraulic and pneu- 
matic contro] systems and that this 
makes it a satisfactory component for 
more than 50 per cent of industrial 
applications where motor valves are 
used. It has linear valve movement 


for sizes ranging from } to 4 in. and 
comes with a variety of valve types, 
including direct or reverse acting. 
Fulton SyIphon Div. of Robertshaw- 
Fulton Controls Co., Box 400, Knox 
ville, Tenn. 

Circle No. 12 on reply card 


POPPET-TYPE solenoid valve 
dispenses with spring. 

Spring-action is eliminated and mo\ 
ing parts reduced to three in this new 
four-way poppet type valve. A dual 
solenoid, one of two models available, 
locks into position if power fails. 
Standard, water-tight, or explosion 
proof models are outlined in the com 
pany’s Bulletin 8344. Automatic 
Switch Co., 391 Lakeside Avenue, 
Orange, N. J. 


Characteristics 


Cycle rate 
Pressure. . . 


850 per min. 
500 psi or 250 psi 
Power .... 10 watts 
Pipe sizes 8, 4, 7 and | in. 

Circle No. 13 on reply card 





INSTRUMENT COMPONENTS 


CHOPPER for 400 cps vibrates 
better than 2,000 hours. 


Hermetically sealed for altitudes up 
to 50,000 feet, this chopper will with 
stand 100 g mechanical shocks and 
vibrations of 0.06 in. total travel from 
10 to 55 cps. The single-pole double 
throw contacts take a milliamp at volt 
ages ranging from 0.1 millivolts to 
100 volts. The switching phase angle 





of the chopper, driven at 6.3 v, 400 
cps, is 65 plus or minus 15 deg, with 
dwell time on each pole 145 plus or 
minus 20 deg. It is said to have 
better than 2,000 hours of life. Coil 
impedance: 230 ohms. Airpax Prod 
ucts Co., Middle River, Baltimore 20, 
Md. 

Circle No. 14 on reply card 


WORLD’S SMALLEST capacitor 
carries leads side-by-side. 


Said to be the first mica capacitor 
with parallel leads, as well as the 
world’s smallest, this dipped DM-15 
is rated from 1 to 510 mmf at 300 
vde and up to 400 mmf at 500 vde 
with tolerances of 4 of one per cent. 
Fractional increases in overall size for 
capacities of up to 5,100 mmf distin- 
guish the company’s DM-19 and 
DM-20. Electro Motive Mfg. Co., 
Willimantic, Conn. 

Circle No. 15 on reply card 


GALVANOMETER AND ITS 
light beam all in one box 


Shock resistant and sensitive up to 
0.105 microamps per millimeter divi- 
sion, these light beam galvanometers 
come in housed assemblies that in- 
clude lamp and projection system. By 
folding the light beam, the effective 
length in this fist-sized package is 80 
mm. Not least important of its char- 
acteristics is resistance to 25 g shock. 
Howell Instrument Co., 1106 Nor- 
wood, Fort Worth, Texas. 
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Kellogg provides 
custom assembled relays 


for industry 


SPECIFICATIONS 


COlL—Single or double wound. 

ARMATURE—Frictioniess armature travel. 
Both knife edge and hinged 
pivots. 

OPERATING VOLTAGE-—Up to 115 
volts, D.C. 

OPERATING TIME—From 2 to 30 
milliseconds. 

RELEASE TIME—From 5 to 50 
milliseconds. 

RESIDUAL—Fixed (clip) or adjustable 
(lock screw). 

CONTACTS—Twin bar-dome type 
palladium contacts. 

CONTACT ASSEMBLY—Forms A to D. 
Maximum of 16 A’‘s, 14 B’s, 
10 C’s, 10 D’s or any equivalent 
combination of these contacts. 

MOUNTING—Two No. 8-32 tapped 
holes in heelpiece allow 
versatile mounting. 


Aewoce_;, 


A famous name in communications 
now solving problems 
in the control industry 


COMPANY ____ 


ADDRESS__ 





¢ General Purpose Telephone Type 
¢ At Stock Prices 
4 Life Expectancy— 

Over 100 Million Operations 
¢ 1710 Contact Spring Combinations 
¢ 100 Stock Coils Available 


4 Precious Metal Contacts— 
Palladium or Gold Alloy 


¢ Delivery 20 to 45 Days 


Variations of Relays available 
at Kellogg: 
TIME DELAY RELAYS 
TWIN RELAY—2 relays in space of one 
SNAP ACTION RELAY 
MULTI-CONTACT RELAY 
PLUG-IN RELAY 


INDUSTRIAL SALES DEPARTMENT 
KELLOGG SWITCHBOARD AND SUPPLY CO. 
A Division of International Telephone and Telegraph Corporation 
Sales Offices: 79 West Monroe Street 
CHICAGO 3, ILLINOIS 


KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
79 West Monroe Street, Chicago 3, Illinois 


Dept. 72-G 


[_] Please have representative call. 


a Please send detailed Relay information. 


lo 
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TIMETER 


Solves 
TIME-RECORDING 


DOO’ 
TIMETER 


¥ 


TIMETER automatically records op- 
erating time of electrically operated 
equipment; furnishes accurate rec- 
ords for time study, cost analyses; 
checks test runs, lamp and tube 
life; ferrets out lost man- and 
machine-hours. Operates _ inde- 
pendent of load. Rating: 100-125 
volts, 60 cycles, 2 watts, A.C. 
Transformer or resistor supplied 
for higher voltage. Registers by 
l0ths of hours or minutes to 999.9 
then repeats. Available up to 
99,999.9 hours or minutes. Re-set 
feature optional. Write for data, 
prices. 


3-5/16” wide by 
3-5/8” high by 
2-5/8” deep. 

Black bakelite molded case. 





TYPICAL APPLICATIONS 


Light & Power 
Circuits 
Industrial 
Equipment 
Leased 
Machinery 
Motor Driven 
Stokers 
Presses 
Machine Tools 
Generators 
All types of 
production 
machinery 
Elevators 


CAPEWAY INSTRUMENT 
CORP. 


HIGHLAND AVENUE PLANT 
EAST BRIDGEWATER, MASS. 


_ 
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PRODUCTS 


i8-30VvDC (© et 
7/ 


14O0RB2 
REFERENCE 


= 








aa 


CONVERTS 20% supply instability to 0.1% in the output. 


Above is a dc reference voltage 
source. Variations of 20 per cent in 
several supply voltage sources (24 
vde, or 110 vac, 400 cps, or other 
stvles) will result in variations of only 
0.1 per cent in the 5 v output. The 
maximum temperature drift claimed 


is 0.01 per cent per degree C for the 

po al 
minus 55 to plus 125 deg range. The 
5 v output appears across a 5,000 
ohm load. Aircrafts Products Div., 
Manning, Maxwell © Moore, Inc., 
Danbury, Conn. 
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FOR REMOTE CONTROL 


o-~- it. 
= 


CONTROL TOWER recorder 
keeps tabs on plenty of talk. 


Intended for use in recording air- 
port control tower talk with aircraft, 
this apparatus contains five tape re- 
corders, each with alarm sections, tim- 
ing signals, and cartridge loading. The 
playback is separate, and, to quote the 
information supplied by its Canadian 
manufacturer, “will most usually be 
located under the control of a superior 


officer and can be moved into a ‘court 
of enquiry’ in the presence of bodies 
intent on listening to the recorded 
evidence in the event of a crash.” 
Sonograph Engineering & Mfg. Co., 
Ltd., 122 Laird Drive, Leaside, On 
taro. 

Circle No. 18 on reply card 


THESE TWO UNITS provide 
complete tone channel. 


One tone oscillator and its com- 
panion tone detector, shown here, are 
all you need for a complete tone sig 
naling channel for remote control, 
telemetering, etc. Any number, says 
the manufacturer, can be operated to- 





gether over the sarne channel. Avail- 
able frequencies: 500 to 6,000 cps. 
Pacific Div. of Bendix Aviation Corp., 
11600 Sherman Way, North Holly- 
wood. Calif. 
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e 
be Sp CYLINDERS 


OFF SHELF DELIVERY 


@ OIL pressure to 750—AIR to 200 P.S.1I. 
@ New Compact Design ... Saves up to 
40% Space 
'@ Proven Performance ... with Extra 
High Safety Factor 


| i , .\ @ Super Cushion Flexible Seals for Air 
TONE CONTROLS feature ! :\ ... New Self-Aligning Adjustable Oil 
up to 48 on-off functions. AG Cushion 
Up to 48 on-off functions can be - Y e Hard Chrome Plated Bodies and 
controlled over a single circuit by these é Piston Rods 
Audio-Tone signaling units. Their @ The Only Cylinders with all the 


range: 425 to 6,025 cps in intervals of : Extras as Standard 
100 or 150 cycles. Audio Tone gener- 


ators and receivers are plugged into [-J Spacemaker Cylinders get 
fy eS ae : first call for an ever-widening 
the units. The frequency determina : : x 
i . 5 range of power movement jobs in 
tion element of the generator and the " \ : ‘ 
a DPE RE. hI A industry today—because they’re 
filter of the receiver are small, sepa J : 
\ \ so advanced in design... so 
rately mounted units. Hammarlund a" \ F ‘se ; 
1, rg par eg : efficient and dependable in 
Mfg. Co., Inc., 460 West 35th St., .,\ rg . ae. . 
bali REE Pa 4 \ performance. Wide selection 
New York 1, N. Y. “- - 
\ of styles and capacities. Check 
your needs now! Send for 
bulletin SM-454-2. The 


1, ™, | Tomkins-Johnson Co. 
xt EMH : 7 / Jackson, Mich, 


a i? 
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j ’ i . \g ‘ & Raise Open 
: atthe tbe a “) BY ; Lock Time 
r = as = . ; ‘ ‘ Brake Blank 

ade | — . ei oe Press Cut 

— Spin Broach 

Turn Drill 
Grind Sequence 
Weld Close 
Lower Snub 
Squeeze Form 
Bend Pierce 
Coin Feed 
Saw Mill 
Tap Convey 
Index etc. 
Braze 





/ 


J Member of the National Fluid Power Association 
TELEMETERING SWITCH scans (ara \rs) / SPACE 
and controls under strain. LAC TOMKINS-JOHNSON 


. . edjecen! y ~ it sacrificing strength RiViITORS ame wroray 
Silver contacts bonded in Mycalex es ~ ame 
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THE MOSELEY 


AUTOGRAF 


trade mark 


X-Y RECORDER 


4 


wt 


MODEL 1, drum type, accepts 81/2"x11" 
graph paper; traverses each axis in | sec- 
ond; has full scale ranges of 5 millivolts to 
100 volts; zero set anywhere on the paper; 
portable, self-contained; available also as 
a curve follower for electrical read-out of 
drawn curves. 


AUTOGRAF Recorders, MODELS 1 and 2, provide all the features needed for 
graphic recording of test data, point plotting, and curve following for readout 
purposes, 


MODEL 2 


Flat bed type, accepts 11x161/2" graph 

paper; same speeds, sensitivities and ranges as 

MODEL 1; zero set anywhere on paper plus one full scale length 

inputs provided for analog recording, point plotiing from digital sources, 
curve following for computer or data reduction use. 


MODEL 20 DC VOLTMETER is « servo- 
actuated, fast, accurate and sensitive in- 
strument. Has large, easy-to-read scale for 
general laboratory use where ranges from 
3 millivolts to 300 volts are desired. For 
data handling it is furnished with a built-in 
Coleman digitizer and delivers digital out- 


put for operation of printers, typewriters, 


MODEL 30 CARD TRANSLATOR con- 


verts information from punched cards into 
point form for automatic plotting. Handles 
up to 50 cards per minute, 10 to 200 counts 
per inch. Plugs directly into MODEL 2 re- 
corder, controls both card reader and re- 
corder for completely automatic operation 


MODEL 40 KEYBOARD provides a 
venient means for plotting large amounts 
of tabular data in point-curve form. Self- 
contained voltage source together with full 
three column keyboard in both X and Y 
axes; unit plugs directly into MODEL 2 
AUTOGRAF. 


Bulletins describing these instruments are 
available and we'll be glad to send them to 
you. Write... 


FP. L. MOSELEY CO., 409 North Foir Ooks Avenue, Pasadena 3, Colifornig 
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410 are wiped at high speeds in this 
rotary telemetering switch. Clear sig- 
nals have been maintained for more 
than 150 hours of continuous opera- 
tion at 1,800 rpm. Manufacturer's 
tests indicate extended life at reduced 
speeds (1,500 hours at 600 rpm). 

Mycalex declares that the switch, 
Model ‘I'M-55, operates reliably and 
without mechanical mis-alignment un 
der adverse temperature (650 F max. 
acceleration and vibration. Applica- 
tions include remote control of guided 
missiles and relaying of flight data 
Mycalex Electronics Corp., Clifton, 
Pn. F. 
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ITEMS FOR 
MEASUREMENT 


LOW MASS sensor ignores 
vibrations. 


This low pressure pickup, type 4 
315, can ignore vibration because of 
the low mass of its diaphragm. Con 
solidated Engineering Corp., 300 N 
Sierra Madre Villa, Pasadena 15, 
Calif. 


Characteristics 


Size es Soe 14 in. diam. 
Pressure ranges. .plus or minus 1, 2, and 
3 psi differential 

Sensitivity. .plus or minus 10 mv with 
5 v excitation 

Error......plus or minus 1 per cent of 
full scale 

Permissable overload...... 200 per cent 
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GLOWING OBJECTS actuate 
this infra-red relay. 


Industrial processes requiring info1 
mation on the location or temperature 
of hot items will find use for this 
infra-red relay. A glowing cigaret at 
10 feet will actuate the single pole 
double throw inclosed relay, the maker 
claims. Just plug it into 110 vac 





ze 
< 2” DIAMETER 


MOTOR 


>. Makes Design easy as 


\ 


) 122-3 





one basic design 
only 2” in diameter 


three frequencies...60,400 
wire to the three terminals of the and variable 


relay’s contracts, and you have the 


makings of a spectacular “no smok- Here is one basic motor design incorporating the top-quality 


ing” sign at the very least. Industrial engineering fhat's “‘standard’’ at EAD .. . and capable of 
Gauges Corp., Englewood, N. J. modifications for an unusually broad field of applications. You 
™ can order this 2” diameter motor (maximum weight is only 17 
Circle No. 23 on reply card ounces) as an induction motor or a hysteresis-synchronous motor. 
it meets applicable MIL specifications and is available with Class 
“H" insulation for long life, high temperature operation. Just 
one more example of how EAD engineering meets the most ex- 
acting requirements for rotating electrical equipment. 


INDUCTION MOTOR: For blowers, fans, automatic devices, 
business machines, control equipment, antenna drives, etc. 





[HP RPM AMPS | MODEL 

60 cycle, 115 volts | 1/100 | 3,000 | 0.30 | P52QDU) 
1/100 | 7,200 0.30 | P52QFU 
400 cycle 1/50 | 7,000 0.40 | P52NFU 
115 volts 1/30 | 6,200 0.80 | P52LFU 
1/50 _| 22,000 0.75 | PSONDU 
320-1200 cycle | 1/300 | 4,500av.| 0.60 | P52UFU 
variable frequency 1/50 4,000 0.80 P52NEU 





























HYSTERESIS-SYNCHRONOUS: For timing devices; stroboscopic 
work; wherever load inertia is a problem (i.e. recorders, turn- 
tables, facsimile equipment, etc.) 





| HP | RPM | AMPS | MODEL 


60 cycle, 115 volts | 1/200 | 3,600 | 0.26 | P52SRU 











DIFFERENTIAL TRANSFORMER 
“package” includes contact- | = te a S 
making meter. 


qe line of small mo 
| Phis little box, with a built-in regu- {e/7- 1 igs =: am bd : nay Pron =i 
lated differential transformer excita- \¢ tt service will be 
tion, includes a relay-type meter with , 2 - sent on request. 
either high or low contacts or both ; 

for an on-off motion control circuit. 
The meter actuates a relay with 5 


ump contacts. Maximum full-scale 


sensitivity of the meter is 0.030 in. EASTERN AJR PREWICES. INC 


using a “typical” differential trans- 
; he SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD 
former, or 0-5 lb using a Daytronic 


. p ; ‘ "2 TiPr 4 Fd = 
Series 140 Load ‘Transducer. Price is of ‘5 om PR Lt + (@ 

> . . > Vu 1% ; +g A 
near $300. Daytronic Corp., 216 INDUCTION MOTORS CENTRIFUGAL BLOWERS TACHOMETER ENERATOR aivemuatens GEAR MOTURS 
South Main Street, Dayton 2, Ohio. | 


oe if 
th Seek 


Bane 
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NEW PRODUCTS 


KEARFOTT 
FLOATED RATE 
INTEGRATING 
GYROS 


KEARFOTT 6.05 x 10¢ FLOATED GYRO 


KEARFOTT 2 x 104 FLOATED GYRO 


PRESSURE TRANSMITTED by 
voltage signal via a pot. 


Here is a low-cost version of Gian 
° nini Pressure Transmitter. It uses 
comnrale the principle of a potentiometer wiper 

positioned according to 


pressure 
Their initial accuracy represented by the random drift is continuously Model 47155 and has ranges up to 
repeated in day-to-day operation. 100 psi, error down to 0.5 per cent, 


and sensitivity to 0.4 per cent. The 





ANGULAR 
MOMENT 
GM.CM.2/SEC. 


MINIMUM 
DETECTABLE 
RATE 


TORQUER 
LINEARITY 
FULL SCALE 


CHARACTERISTIC 
TIME 


DIMENSIONS 


pot winding is 4 watt at 2.000 ohms. 


\s it puts out up to 40 v, recording 
without recourse to amplifiers often 
; is possible. G. M. Giannini Co., 
| Inc., 918 E. Green St., Pasadena 1, 
Calif. 





3-3/4" Diam. x 6-1/8" tong 


01° /he L. 0.17% 0035 Sec. 
1% 0025 Sec. 2" Diam. x 3-7/8" long 


4.1°/he. . 0 





























Kearfott 6.05 x 10° and 2 x 10* Floated Gyros have basic construc- 
tion features that impart this all-important reliability. The materials 
used in their construction are of similar coefficient of expansion, thus 
avoiding mass unbalance due to temperature changes. Displacement 
information is provided by an extremely linear AC Vane pick-off. 
Either AC or DC torquers can be provided. Two additional floated 
rate integrating gyros, one with a 2.5 x 10° gm. cm.?/sec. wheel and 
the second with a 12.5 x 10° gm. cm.?/sec. wheel are available. Her- 
metic sealing provides resistance to extreme environmental conditions. 


—Send for Technical Data Sheets 
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KEARFOTT COMPONENTS 

| INCLUDE: 

| Gyros, Servo Motors, Synchros, 
|Servo and Magnetic Amplifiers, 
Tachometer Generators, Hermetic 
| Rotary Seals, Aircraft Navigational 
| Systems, and other high accuracy 
| mechanical, electrical and electron- 
ic components. Send for bulletin 
giving data of components of in- 
terest to you. 


VELOCITY TRANSDUCER a 
polarized solenoid in reverse. 


This pickoff, known as the LVsyn, 
generates an electrical signal propor- 
tional to the relative velocity of 
linear-motion elements. No external 
excitation is required. Sensitivity, in- 
dependent of frequency of motion 
right up to the kilocycle range, is a 
function of the instrument’s size. Its 

one-in. displacement range displays a 
KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 4 vy per in. per sec motion. Its coil is 
well shielded. Principle of operation: 
1 permanent magnet internal core, 
moving its field through 


earfott 


ENGINEERS: 
Many opportunities in the above 
fields are open. Please write for 
details today. 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


Sales and Engineering Offices: 1378 Majn Avenue, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. » windine 
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excites a voltage therein proportional 
to the speed of core motion. Controls 
Components Co., 1 Holden Street, 
Brookline 46, Mass. 
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DIFFERENTIAL TRANSFORMERS 
convert minute motion. 


Tapped holes or flat or screw lugs 
serve to mount two sizes of these dif 
ferential transformers, formerly pro- 
duced for Baldwin recorders only and 
now on the general market. Output 
is said to be linear to motion. ‘The 
use of these Microformers to date has 
been in strain-gauge systems, one at 
the source balanced against a second 
in a recorder. Baldwin-Lima-Hamil 
ton Corp., Philadelphia 42, Pa. 


Characteristics 


Size 14 in. by 7 in. diam 
Core travel ; 0.12 in. 
Size 1 in. by § in. diam 
Core travel a , 0.06 in. 
Excitation ‘ 10 v or less 
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SHOCK TREATMENT gets bugs 
out of thermocouple circuits. 


Manufacturer claims this machine 
rejuvenates thermocouple systems up- 
set by excessive resistance due to cor- 


AFFILIATE OF 
GENERAL CERAMICS 
CORPORATION 


agnetic 
mplifiers -INnc 


—announces its new 


! VARIABLE 
| SPEED DRIVE 


Coe eee ee ee ces cee ce ee ee ee ee ee oe ee ee ee oe wr we es www oo J 


JAGNE-SPEE 


SIZE ll — 
3/4, 1 and 1-1/2 HP 


SIZE |— 
1/4, 1/3 and 1/2 HP 


Stepless, instant 
starting, compact, 
50:1 speed range, 
good regulation with- 
out tachometer, long 
life, virtually mainte- 





nance free service, low cost, 
fast response, reversibility, dynamic brake, local 
or remote control. Write for Bulletin SS80-5-55. 


Other Products and Services 


Magnetic Servo Amplifiers 
Transi-Mag * Amplifiers 

Analog Computors 

Photoelectric Controls 

DC and AC Regulated Power Supplies 


Application engineering and conversion of tool ma- 
chines and production processes to automatic control. 


Magnetic Amplifiers+«inc ¢ 
oe 
Tel. CYpress 2-6610 * 632 TINTON AVE., NEW YORK 55,N.Y. © 


gam, 
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Staggered 
starting of 
electric 
motors... 











AGASTAT 


{_ | Time / Delay / Relay 








AGASTAT allows you to stagger the starting of three motors 
without imposing their load on the line at the same time. 


The AGASTAT is ® electrically actuated, pneumatically timed. 


® light, versatile, dependable. 
® instantaneous recycling. 
® adjustable in timing from 0.1 second to more than 
10 minutes. 
®@ available in AC or DC models which offer delays 
on energizing and de-energizing, manually-actuated 
time delay switch, remote push button control, her- 
metically-sealed units. 
Write our application engineers for help with 
your timing problem. Address Dept. A25-720. 


Elastic Stop Nut Corporation 
of America 





DIVISION 1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing. 
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CONTROL 


Write today for your free 
of this Technical Paper. — 


Characteristics of 
Precision Servo Computer 
Potentiometers 


BY D. C. DUNCAN 
General Manager, Helipot Corporation 





Presented at A..E.E. CONFERENCE ON 


FEEDBACK CONTROL SYSTEMS 


Helipot Corporation / South Pasadena, California 
a division of BECKMAN INSTRUMENTS, INC. | 


ENGINEERING 


NEW PRODUCTS 


rosion, oil-soaking, or loose circuit 
connections. The cure consists of a 
special impulse that breaks down the 
unwanted resistance. Manual or auto- 
matic performance is available. The 
Peerless Electric Co., Electronics Div.., 
Warren, Ohio. 
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STRAIN SENSITIVITY gives 
voltage-pressure balance. 


This device is a differential pressure 
pickup using the principle of a strain 
sensitive resistance bridge connected 
to its diaphragm. Ranges up to 1,000 
psi are being sold, with hysteresis er 
rors of less than } of one per cent and 
overall accuracy of 4 of one per cent 
full scale at 70 deg F. Ac or de ex 
cited voltages and bridge resistances 
of 350, 600 or S00 ohms can create 
minimum full-scale outputs of 20, +0 
or 50 millivolts, respectively. Dynamic 
Instrument Co., Inc., 28 Carleton 
St.. Cambridge, Mass. 
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TEMPERATURE LIMIT switch 
prevents overheating. 


Snap acting on temperature difter- 
ences of 15 deg or higher, these her- 
metically sealed temperature switches, 
Series C-4344, are destined to find use 
as high-limit temperature controls fo1 
motors, transformers, rectifiers, sto! 
age batteries, etc. Their range of pre 
set actuation is 60 to 250 deg F for 





125 to 250 v, and from 250 to 40 
deg F for 30 v, ac or dc. Spencer 
rhermostat Div. of Metals @& Con 
trols Corp., Attleboro, Mass. 
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rs 
VISUALLY AND ELECTRICALLY 
indicates production. 


Reflecting an amazingly simple idea 
is this mechanical pressure gaugc 
carrying a microswitch. The gauge 
s sold in 10 ranges 0-10 to 0-10,000 
lb, and the microswitch can be opet 
ated at any point on the scale. The 
gauge’s warranted accuracy is to | 
per cent, and it withstands overloads 
of 25 per cent. Possible use in auti 
matic production control: visual and 
electrical indication of the load on a 
conveyor, in a hopper, etc. W. ¢ 
Dillon €* Co., Inc., 4620 Keswick 
St.. Van Nuys, Calif. 
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RECORD MAKERS 


210 FIXED STYLUSES in 
basic recorder component. 


Here's a package for the man with a 
system potentially outputting through 
1 fixed-stvlus recorder. Designed 
basic building block, it offers variadle 
chart speeds from 34 in. to 5 in. 
per sec., with 210 stvluses writing 
> in. wide paper contained inside in 


precision 
instruments 


by DevUR 


There’s 

“big meter” 
precision in 
this Series 100 


ACTUAL Siz SEALED 


SUBMINIATURE METER 





Now you can specify this tiny, light weight 
instrument and still get +3% accuracy over 
full scale. Special ““O” ring and locknut pro- 
vide watertight, single hole mounting. Com- 
plete technical literature sent on request. 


9 Meters 
in Only 
334” Square! 


DeJUR Sealed and Ruggedized Instruments: 
1", 1’2", 2%" and 3%". Send us your require- 
ments and we will submit our quotations. 


ELECTRONIC SALES DIVISION * DeJUR-AMSCO CORPORATION 
45-01 Northern Bivd., Long Island City 1, New York 


“You're always sure with De JU R instruments.” 
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positive f NEW PRODUCTS 
Snap-action 
at 1 to 80 psi. 100 ft lengths. The R-1021-1 is housed 
in a 94 by 74 by 8 in. case weighing 
flexible 15 Ib. Radiation, Inc., Melbourne, 
Fla. 


sequence control . “se Circle No. 32 on reply card 


dependable, 


simple, sturdy 


Adjustment and change of 
sequence or cycle time is 
easy on ATC Pneumatic 
Cam Timers, custom-built 
from standard parts. 
Designed to operate at 3 to 
15 psi. Minimum time 
setting is 1% of eycle: 
repeat accuracy, }4%. 
Springless poppet—the only 
moving part of each valve— 
unaffected by over-pressuring 
to 100 psi, needs no lubrication. 
Stop-or repeat-cycle action. 
Complete data in Bulletin 


PNEUMATIC N-101. Automatic ‘Tempera- 


ture Control Co., Ine., 


5242 Pulaski Ave.. 
T M E R $ Philadelphia 14, Pa. HOT STYLUS records 


Represented in Canada by: Powerlite Dee on six and eight channels. 


vices, Ltd., Toronto, Montreal and Vancouver 





Six and eight channels in this oscil 
lograph recorder are provided with 
1 volt/cm = sensitivity, nine paper 
speeds, and all required circuitry. In 
dustrial Div. of Sanborn Co., 195 
Massachusetts Avenue, Cambridge, 
\lass 
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Vndhateal supplies all these CHARTS 


--- and 7991 more besides 


Precision roll and dial recording charts are Technical’s 
only products. This specialization means extreme Four channels in 36 |b and six chan- 
chart accuracy . . . and big procurement nels in +8 lb. That just about describes 
savings as well. You can order any of more 

than 8000 different charts on one order. two new p ttable osc illographs being 
Automatic order processing and large offcred by Brush. Each machine has 
inventories assure prompt deliveries. 16 chart speeds, ranging from 10 in. 
Catalog 55 explains services . . . shows 

chart samples . . . write today. Catalog 55 


PORTABLE OSCILLOGRAPH 
records 4 or 6 channels. 








per day to 10 in. per sec. Both 4 and 
6 channel models record either elec 


TECHNICAL CHARTS INCORPORATED trically or in ink and both have remote 

control operation. Brush Electronics 
189 VAN RENSSELAER ST. BUFFALO 10, N. Y. Co.. 3405 Perkins Avenue. Cleveland 
Nationally Represented by TECHNICAL SALES CORPORATION 1+, Ohio 


16599 Meyers Road Detroit 35, Michigan Circle No 34 en reply card 
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MOTORS AND 
MOTION 


SYNCHRONOUS motor con- 
verts 60 cycle current into 420. 


Converting 60 cycles into 420 is 
the job of this new Georator Corp. 
product, which employs a synchronous 
motor dnve. ‘The attached ‘“‘No- 
brush” generator creates no radio in- 
terference, cannot be damaged by 
short circuits, and provides from 150 
va to 5 kva. Georator stocks all 
standard output voltages, single o1 
three phase. Georator Corp., Manas 
sas, Va 

Circle No. 35 on reply card 


SPEED SWITCH governor 
restrains rpm. 


Rotating flyweights govern the trip- 
ping action of this three-element 
speed-sensitive switch. ‘The governor 
opens or closes three snap switch cir- 
cuits at three selected speeds from 
1,200 to 10,000 rpm. Contacts are 
rated 10 amp at 115 vac. In a typical 
application in engine or turbine con- 
trol system, the switch serves as auto- 
matic starter disconnect, and as under- 
speed and overspeed protection. 


when toxic gases 
sery threaten... 


Brooklyn-Battery Tunnel safeguards the public 
with Taller & Cooper's Carbon Monoxide Detector 


TALLER & COOPER’S ADVANCED 
CARBON MONOXIDE DETECTOR 


is on the alert for you! 


Accurate, efficient CO control is provided at low cost with 
the Taller & Cooper Carbon Monoxide Detector. It measures 
from 0 to 5 parts per 10,000 of CO in air and indicates 
where and when blowers should be turned on. 


This eliminates the need for carbon monoxide control by continuous 
ventilation, which is both costly and inefficient. Blowers are 

turned on only when CO concentration reaches toxic level, 

and are turned off when CO has been blown away. 


The T&C Detector thus gives maximum protection at minimum 
operating and maintenance cost—for only a few cents a day. 

No special skill is required to operate it, and it may be used to 
control blowers directly for completely automatic protection. With 


slight modifications, the T&C Detector can be used to safegruard 
against combustible or explosive gases. 


Write for Bulletin 201 and full details. 


@ Control! Equipment & Systems 
@ Digital Computers 


TALLER & COOPER, INC. \\ x2! 
} Ps ¥ @ Wind Tunnel Instruments 
¥ @ Special Purpose Printer 


ENGINEERS * MANUFACTURERS % 
75 Front Street © Brooklyn 1, New York 


and Instrumentation 
@ Chemical Analyzers 
& Control Equipment 
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NEW! 


REVERSIBLE 
DATA REDUCTION 
SYSTEM 


Handles 200,000 


Points per second! 


@ MAXIMUM RELIABILITY... no electro- 
mechanical switching units to fail or service. 


@ MAXIMUM ACCURACY ... temperature- 
stabilized standard cell array automatically 
calibrates voltage measurements. 


@ MAXIMUM LIFE... outlasts other converters 
by years of continuous operation. 


Now a brand new ultra-high-speed reversible data 
converter ... DATRAC ... automatically translates  volt- 
ages to digital dato or reverses the process. 

Bulletin just released shows suggested DATRAC appli- 
cations such as: engine test data translation; reduction 
of shaft rotation and thermocouple or strain gage infor- 
mation to digital form; precision analog recording and 
playback; machine tool and chemical process control; and 
many others. Also includes specifications of five DATRAC 
converter models. Send for your copy... TODAY! 











EPSCO, INCORPORATED 
588 Commonwealth Ave., Boston 15, Mass. COmmonwealth 6-3228 


Brew 
Delay Lines 


. . . for applications 
requiring exceptional 
characteristics 


Shown above is a Lumped Constant Delay Line designed, 
manufactured, and delivered on schedule to a customer who 
came to us with the following requirements: delay 1.0 usec, 
reflections 50 db below peak signal, frequency response: 
from 0-4.5mc less than + 0.1 db — from 4.5-10mc less than 
+ 6 db, attenuation less than 6 db, phasing + .01 usec 0-4.2 
mc, impedance 150 ohms, max. temp. 150° F., operating 
temperature 120° F., voltage 350 VDC + 6 VPP video, source 
impedance 4 uu 1200 ohn, grid circuit termination 10 uu. 

The three main types of delay lines . . . Lumped Con- 
stant, Ultrasonic, Distributed Constant .. . are available from 
Richard D. Brew and Co., and our special techniques and 
methods, plus rigid quality control measures assure you of the 
finest and most practicable delay lines to meet your needs. 
Major consideration is given to proper packaging as well as 
electrical specifications. 

Consult Richard D. Brew and Co. and you'll get enthusi- 
astic cooperation and help. 


CoREW Send for General Catalog 54 
Richard D. Brew and Company, Inc. 
Concord, New Hampshire 
a design - development - manufacture 
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Cut shows Model GA-3, with 
AND20005 engine tachometer drive 
pad; it also is available with flexible 
shaft, belt or chain-drive, and SAI 
distributor take-off. Plated or non- 
corrosive metals and waterproof 
fungus proof construction, as desired, 
give environmental protection. Svn 
chro-Start Products, Inc., Skokie, III 

Circle No. 36 on reply card 


&£ 


PM MOTOR reduces 
radio interference. 


Permanent magnet motor con 
structed with shielded leads lessens 
radio noise. Applications include 
tuning devices, drive mechanisms, and 
antenna tiltmotors. The motor, de 
signed to meet MIL-M-8609 specs, is 
available with combinations of geat 
train, governor, and brake. John Oster 
Mfg. Co., Avionic Division, One Main 
Street, Racine, Wis. 


Circle No. 37 on reply card 


ELECTRIC TACHOMETER dis- 
plays fast action. 


Speeds of up to 20,000 rpm con 
vert to an electric signal in this new 
tachometer using the M-400B mag- 
neto direct-connected to a_ rotating 
shaft. Output of the magneto, wired 
to the electric tachometer indicatot1 
(DB-16), deflects the pointer. Cali- 
brated in rpm or related functions, 
the system has an error of one pet 
cent of maximum speed and a read- 
ability of one part in 400. ‘The heavy- 
duty magneto uses precision bearings 
and built-in worn reduction gears. The 
indicator movement traverses 250 deg 
on an eight in. dial (174 in. scale 
arc). Electric Tachometer Corp., 
2218 Vine Street, Philadelphia 3, Pa. 

Circle No. 38 on reply card 





PARALLEL SHAFT gear reducer 
gives low speed. 


Parallel output shaft highlights this 

G-S gear reducer, which is adaptable 

irious motors, gives shaft 

low as one rpm, and takes 

15 in.-lb. Model M-G-8 

is illustrated. Electric governor speed 

control and brakes are available. 

RAE Motor Corp., P. O. Box 291, 
Racine, Wisconsin. 

Circle No. 39 on reply card 


HYDRAULIC MOTOR controls 
own speed. 


Built-in speed control simplifies the 
installation of Vickers Series MRO 
il hydraulic motors. Design elimi- 
nates extra fittings, reduces leaks, and 
ids in maintenance. Other features: 
pre-set constant speed (plus or minus 
3 per cent) from no load to full load; 
sizes from 2.3 to 18 hp; continuous 
speeds 6,000 rpm and _ intermittent 
up to 9,100 rpm. 

Piston-type fixed displacement mo 
tor, together with valve plate and 
speed regulator valves, gives 96 per 
cent volumetric efficiency. It is en- 
zineered for continuous duty at 3,000 
psi. Right-hand, left-hand, or reversi- 
ble rotation are available. Setting re- 
lief valve protects motor during con- 
tinuous, intermittent, or stalled op- 
eration. Vickers, Inc., 1400 Oakman 
Boulevard, Detroit 32, Mich. 

Circle No. 4Q on reply card 


























sheild 
UY 


ZERO SET 


OUTPUT SIGNAL 
(RESET 
EACH CYCLE) 


HOW TO ZERO-SET 
RANDOM PHASE VARIATIONS 


Many modern control devices are designed for applications wher 














sensed input signals fluctuate randomly about an approximately known 
frequency. In some of these applications, the information is conveyed 
by the phase relationship within one cycle, and the random cycle-to 
cycle phase variations often submerge the signal in noise. Filtering, o1 
averaging, techniques may be extremely difficult to devise because ot 
the requirement for use within one cycle. 

The ingenious electro-mechanical solution shown above is a typical 
Ford answer to a difficult problem. It is rugged and reliable, yet com 
pact and easy to service. In operation, a constant-speed motor drives a 
resolver at the required speed. The sensed input controls the operation 
of the clutch, and at each zero-crossing in the positive direction, de 
couples the motor from the line. At the same time, the spring-loaded 
heart cam follower resets the synchro shaft to its zero position. 

In this manner, the resolver is reset to a prescribed phase relative to 
the signal at a fixed point of every cycle of the generated signal. 

This is another instance of how Ford’s engineering staff selects the 
most efficient device to solve a problem. Here at Ford mechanical and 
electronic devices are given consideration in solving any problem. 

Since 1915 the engineers at Ford Instrument Company have special 
ized in such equipment as computers, controls, and servo-mechanisms 
in hydraulics, electronics, mechanics and magnetics for the Armed 
Forces and for industry. If you have problems in any of these fields 


it will pay you to discuss them with Ford engineers 


@ FORD INSTRUMENT COMPANY 


DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 
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Automation made easy NEW PRODUCTS 


= | 


by a POTTER 


PREDETERMINED COUNTER 


Potter Predetermined Counters deliver precise control 
of any process which can be counted or measured. 
Exact, errorless quantity, length, revolution, time or 
sequence may be counted at speeds of up to 60,000/ 
minute. Relay control is provided at the predetermined 
counts with automatic or manual reset. Electronic de- 
sign precludes inertia. Maintenance is negligible. In FRACTIONAL HP MOTOR 
single, dual or multiple sequence counters. circulates lubricant. 

If you have a control problem we'd like to offer our 





recommendations—please write or call. This shaded-pole motor contains 
two main features: unit bearing con 

struction and a lubrication system 

f 4 4 POTTER INSTRUMENT COMPANY, INC using a viscosity pump and isolated 
i IA 115 Cutter Mill Road . Great Neck, N. Y. cooling reservoir. The SP-25 motor 
Na runs quietly and has single or double 


shaft extensions. Stable speeds as low 
as +00 rpm can be attained at reduced 
voltage. Electric Motors and Special 
ties, Inc., King and Hamshen Streets, 
Garrett, Ind. 





Characteristics 
Output es .. 1/60 to 1/30 hp 
Speed ... .... 900 to 1,550 rpm 
Input voltage .. 11S vac 
Poles .... a 


Circle No. 4] on reply card 
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THREE TYPES OF 


~ 


et oe ’ >) A typical A. W. Haydon Intervalometer 
OPERATION which supplies precision pulses 


The operator adjusts a selector switch to determine the type of operation. 





OPTION +1. When a starting pulse of 100 Milliseconds is applied, this 
Intervalometer starts up and energizes 15 Pulsing Circuits at 50 Milli- 
second intervals. Each circuit is on for 30 Milliseconds. At the end 
of the period, the unit automatically resets to the starting position. 
OPTION +2. When a starting Pulse of 100 Milliseconds is applied, this 
Intervalometer starts up and energizes 6 Pulsing Circuits, then shuts 
down. When the next starting pulse is applied, the balance of 9 pulsing 





Circuits are energized. The unit then resets to the starting position. THERE’S VERSATILITY in 
OPTION +3. When Ist starting Pulse is applied 5 Pulsing Circuits are this case of two clutches. 
energized. When 2nd starting Pulse is applied next 5 circuits are oS ; 
energized. When 3rd starting Pulse is applied next 5 circuits are en- his idea of two clutches in a single 
ergized. case should please those servo system 
The ae designers who must clutch two out- 







WHEN TIMING POSES A. PROBLEM CONSULT 


WRITE FOR GENERAL CATALOG OR SUBMIT 


/\.W-HAYDON puts independently from a_ single 


power shaft. The reverse, clutching 





DETAILED PROBLEM STATEMENT. ALA BU one shaft onto either of two input 
WATERBURY 20, CONNECTICUT rotations, can also be accomplished, of 
Design ond Mm of Electre-Mech | Timing Devices course. MK 5 Mod O servo motor 
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mounting is provided for model ‘1508. 
Instrument Div. of Sterling Precision 
Instrument Corp., 34-17 Lawrence 
Street, Flushing 54, N. Y. 


Characteristics 


Engagement time... . . 3 millisec 
No slip torque... . .35 oz-in. 
Coils ay ...24 vde, 3 watts 
Backlish. .. . .5 min, engaged 
Size.........13 in. diam by 3§ long 


Circle No. 42 on reply card 


VARIABLE SPEED pulley 
trols moving machinery. 


Speed control of machinery in mo 
tion is available in ratios up to 3 to 
1 from this variable speed pulley. 
Finger-tip pressure adjusts 74 to 15 
hp in action—quickly correcting for 
process or production upsets. ‘The 
pulley comes in a variety of arrange- 
ments: 

#310 vsp base #315 vsp base 
1150 rpm 

motor 74 hp max. 10 kp max. 
1750 rpm 

motor 10 hp max. 15 hp max. 

Standard bores are 14, 12, and 1@ 
in. diam. Other specifications include 
13.1 in. maximum and 4.35 in, mim- 
mum pitch diam. Lovejoy Flexible 
Coupling Co., 4948 W. Lake Street, 
Chicago 44, III. 


Circle No. 43 on reply card 


RELAYS AND 
SWITCHES 


SPECIAL SWITCHES for 
particular applications. 


From switches used in testing svs 
tems comes a new line, uniquely de- 
signed for special applications. Among 
them is this 81 position, 2 circuit 
model. It’s for continuous rotation 
with voltage breakdown of approxi- 
mately 1,500 vde. More than 50,000 


SERVOSCOPE 


the first 

and still the finest 
instrument of its kind 
in the world 


_..no need to Say more. 





If by chance you haven't yet used 
SERVOSCOPE®, you can 

have the complete application story 
and specifications by just mailing 
the coupon below. 


SERVO CORPORATION of AMERICA 


® 


New Hyde Park 
Long Island, N.Y. 


SERVO CORPORATION OF AMERICA 
New Hyde Park, Long Island, N.Y 


Gentlemen: 
I'd like to know more about SERVOSCOPE®. 


Name 

Position 

Company Name 
Company Address 


City , Zone State 
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HOW COME YOU a, | wew PRODUCTS 
LOOK HAPPY? 


yperations are said to be typical life 
Industrial Instruments, Inc., Cedar 


a Grove, N. ;. 


Circle No. 44 on reply card 











THERMO ELECTRIC Mw ae 
PYROMETERS 


4 SOLVED MY PROBLEMS. 











¥ 





Thermo Electric makes many products that help solve prob- 
lems in the field of temperature measurement and control. 
T-E controllers and indicating-recorders are good examples. 
They are both made in two types: potentiometer pyrometer surpass the environmental require 
and resistance thermometer. They are accurate (+ “% of 1% of ments of MIL-R-6106. Aided by its 
the range), rugged, simple in design, easy to maintain. Ranges ee yom gr sel ae poetic 
from —100 —+600 F up to 0——3000 F. é 7 


mounting, the relay withstands 30 g 
shock. It is hermetically sealed, oper 
able in any position, and has option i] 


THERMO ELECTRONIC solder or screw terminals. U.S. Relay 


Company, 1744 Albion Street, Lo 
INDICATING-RECORDER a 


IMMUNE to shock 
and vibration. 


Relay USRC 64-234 is said t 


Only three moving parts in the record- 


ing system—pen arm is driven from a 
cam, which permits linear charts to be 
used for all temperature measurements 
—full scale pen travel only 4 seconds. 
Easily adapted to measure humidity, 
solution conductivity, speed, pH, direct 
current, DC voltage, or other variables. 


Characteristics 


Contact Load (resistive).25 amp at 29 vdc 
Contact arrangement IPD1 
Coil voltage. . 24-28 vdc 
Coil resistance......... ...175 ohm 
Dimensions. ...... Ex] x lys in. 
Weight as 0.225 Ib 
Ambient temperature —65 C-plus 125 C 
Vibration immunity. 


up to 10 g at 10-500 eps. 
Circle No. 45 on reply card 
THERMO ELECTRONIC CONTROLLER 


Two-position control action is continuous and 
instantaneous — potentiometer pyrometer type is 
sensitive to changes of as little as + 1.5 F, or less; 
resistance thermometer type is sensitive to changes 
of as little as +0.1 °F. 


Write for details: 

controller, potentiometer pyrometer type, bulletin 50-B. 
controller, resistance thermometer type, bulletin 55-B. 
indicating-recorder, both types, bulletin 60-B. 


Pyrometers * Thermocouples * Protection Tubes * Quick-Coupling Connectors 
Thermocouple and Extension Wires * Resistance Bulbs * Connector Panels 


Thermo Electric (0,dac “sie 'snsionssimoly. 


SADDLE RIVER TOWNSHIP, ROCHELLE PARK POST OFFICE, NEW JERSEY package include square wave genera- 
IN CANADA—THERMO ELECTRIC (Canada) Ltd., BRAMPTON, ONTARIO tion from 10 to 5,000 cps; chopping 


ELECTRONIC SWITCH very 
versatile, functions simply. 


122 CONTROL ENGINEERING 








For More 
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from ADVERTISERS 
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NEW PRODUCTS 
CIRCLE THESE NUMBERS 





to get 
NEW BULLETINS 


& CATALOGS 
CIRCLE HERE 


y 





: 


THE NUMBER YOU 
SELECT HERE 


(64) INDUSTRIAL COUNTERS, ETC. 
Atomic Instrument Co. Bulletin, 4 pp. 
Publicity literature on this bulletin te 
of a brand new rapid counter, model 
8003, that has a capacity of seven digits 
and maximum onl of 4,000 counts per 
sec or 240,000 per min. Counts can be 
continuous, discontinuous, random, or 
cyclic and flow can be linear or liquid. 
The bulletin itself does not show model 
8003 but gives lowdown on other Atomic 
control units. 


(65) ROTARY RELAYS. S. H. Couch 
Co., Relay Div. Bulletins 127 and 129, 
4 pp. each. Mechanical, electrical, and 
environmental specifications are given for 
four- and two-pole double throw relays. 
Only differences here are resistance (6 
millivolts for four-pole and 54 millivolts 
for two-pole) and the pull-in er of 
the de coil (4 watt at 3 deg C for first 
and % watt at 25 deg C for second). There 
are extensive tabular coil data. 


(66) DC AMPLICATION SYSTEM. 
Weston Electrical Instrument Corp. 
Catalog B-36-A-3-55, 12 pp. Protagonist 
in this descriptive bulletin on Weston’s 
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Inductronic system is the Industronic dc 
amplifier. Other instruments for meas- 
urement and control whose specifications 
are covered here include the multi-range 
dc amplifier, sensitizing amplifier, inte- 
ting fluxmeter, knife-edge control unit, 
imit controller, and product resolver. 


(67) FULLY- PROTECTED MOTOR. 
U. S. Electrical Motors, Inc. Booklet 
1856, 12 pp. The interior of this new 
Type H Uniclosed motor is protected by 
a Ventrifoil at both air intakes. This 
—¢ the windings from water and al- 
ows liberal air flow. Except for more 
ho wer per cu. in., specifications do 
not differ from those for earlier model. 


(68) TEMPERATURE CONTROLLER. 
Fenwal, Inc. Brochure MC-121, sheet. 
Available ranges for this series 511 re- 
mote bulb contro] unit are 60 to 250 
deg F and 200 to 550 deg. F. Specialty 
ry electrical loads. Setting accuracy 
is plus or minus three per cent of the 
temperature range of the dial. 


(69) “THIS IS SERVO.” Servo Corp. 
of America. Pamphlet, 22 pp. The per- 
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sonnel, the instruments and systems, and 
some of the philosophy that have con- 
tributed to the short but fast growth of 
this New Hyde Park, N. Y. company 
receive handsome treatment in this at- 
tractive pamphlet. Displayed are Servo’s 
three complete lines of industrial equip- 
ment: radio instruments, Servolab instru- 
ments, and infrared measurements. 


(70) SOME DeJUR LITERATURE. 
DeJUR-Amsco Corp. Sheet MHD-155 
describes the new 34 in. sealed round 
elapsed time indicator, series HD-654. 
Sheet CO78 covers the new § in. sub- 
miniature precision potentiometer, series 
C-078. And a 4-pg. bulletin of the Elec- 
tronic Sales Div. deals with the new 
miniature AN-type precision Continental 
connector with one-piece molded inserts. 


(71) DATA REPEATER. General Motors 
Corp., AC Spark Plug Div. 6-pg. gate- 
fold. The only information that need 
be furnished to these repeaters is a shaft 

ition or a voltage source. The three 
undamental types, single- and two-speed 
synchros, and potentiometer, work through 
26 and 115 v motors (3,400 and 6,800 
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maximum counts per min, respectively, 
in decimal display). Remote installation 
makes them suitable for aircraft, missiles, 
etc. 


(72) INTERCOMMUNICATING SYS- 
TEMS. Henschel Corp. Catalog 35 A, 
8 pp. Transmitters and indicators, de- 
signed for 115 vac, 60 cycles, are listed 
according to sizes, pointers, catalog num- 
bers, mountings, and types in a handy 
table toward the end of this black, white, 
and yellow booklet. 


(73) AUTOMATIC SHELL MOLDING. 
Link-Belt Co., Book 2462, 8 pp. Here’s 
a description of a new system that in- 
cludes a four-station molding machine, a 
shell-closing machine, and all process 
equipment. Control panel contains mo- 
tor starters, heater contactors, all solenoid 
valves, a master program timer, individual 
timers, and pushbuttons and pilot lights. 
Link-Belt says the system has proved it- 
self in actual production. 


(74) REGULATING VALVES. Ma- 


schinenfabrik Augsburg-Numberg A. G. 
Nuremberg Works. Bulletin 11 W 2, 
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4 pp. The pressure range of these Ger- 
man-made valves is 3-1.5 psi and the 
temperature range is 0.5-1 deg. C. The 
control factor is oil pressure through a 
servo motor. One valve can be made to 
respond to more than one regulating pres- 
sure. 


(75) AUTRONIC COMPONENTS. 
Swartwout Co. Bulletin Al.4-1, 4 pp. 
The Autronic controller, centrally _lo- 
cated, is the heart of this miniature, all- 
electronic control system. Cable to the 
controller can be of almost any length 
and signals can be run up to 15,000 ft. 
There are no moving parts in the con- 
troller, whose sensitivity is infinite, error 
plus or minus 0.5 per cent, and hysteresis 
zero. Controller input signal is 0.0-0.5 
vac. Other components also illustrated 


and described. 


(76) ROTAMETER EXTENSION 
TUBES. Brooks Rotameter Co. Bulle- 
tin 130, 9 pp. Feature of this pamphlet 
on armored rotameters are the new, non- 
magnetic metal extension tubes developed 
for the AR/MET rotameter, a rugged 
unit for hard-to-handle fluids. These ex- 


tensions, MAG/NA/VUE and MAG/ 
NA/LARM, can take pressures up to 
1,000 psi and can be designed for even 
heavier work. 


(77) COIL WINDER CATALOG. Geo. 
Stevens Mfg. Co. Catalog 55, 58 pp. 
Coils that are wound by the machines 
described in this attractive, cardboard- 
covered publication include armatures, 
transformers, bobbins, repeaters, solenoids, 
resistors, lattice-wound universals, and 
space-wound, variable pitch, toroidal, de- 
ection yoke, and field coils. Among ac- 
cessories covered are tensions, counters, 
wire guides, and gears and cams. There 
is a page of winding formulas and three 
pages of prices. 


(78) INFORMATION FROM TRANSI- 
TRON. _ Transitron Electronic Corp. 
Bulletin TE 1320 contains eight speci- 
fication sheets on transistors, Bulletin TE 
1321 has three on silicon rectifiers, and 
two individual sheets, Bulletin TE 1322 
and one not numbered, deal respectively 
with silicon junction diodes and products 
of both silicon and germanium. In the 
latter, the bulletin number follows tran- 
sistor, diode, or rectifier described. 


(79) PANELS AND PYROMETERS. 
Assembly Products, Inc. Bulletin G-9, 
8 pp. Specifications, prices, and_ styles 
are given here for pyrometers and clear 
plastic- and black bakelite-cased panel 
meters. Standard error of the meters 
is plus or minus two per cent ac and 
plus or minus three per cent dc, with 
plus or minus 20 per cent resistance. 
Higher error at reduced price and less 
resistance at increased price. 


(80) ANALOG COMPUTERS. Reeves 
Instrument Corp. Bulletin 25C-8-53, 4 
pp. Tells about two new series, the 200 
and 300. Three models of the 200: one 
with 24 computing amplifiers and two 
with 20 computing amplifiers and four 
servos; two models of the 300 (portable): 
both with 12 computing amplifiers. The 
200 models will solve differential equa- 
tions or simulate physical systems up 
through the seventh order; the 300’s will 
solve ordinary linear differential equa- 
tions through the sixth order and can 
be equipped for higher orders. All mod- 
els enclosed in new A200 dual computing 
amplifier chassis. 


(81) MAGNETIC STORAGE DRUMS. 
Remington Rand, Inc., Engineering Re- 
search Associates Div. Bulletin PX-71843, 
4 pp. RemRand says these storage drums 
are the only ones commercially available 
whose data are not affected bv power 
failure. A maximum of 2,522,000 spots 
in binary representation, or 500,000 alpha- 
numeric characters is possible. Certain 
models can write or read at any spot in 
a matter of milliseconds. Specifications 


included. 


(82) RELAY AND SWITCHES. Proeb- 
sting, Taylor, Inc. Catalog supplement, 
“Relay Highlights No. 4,” one sheet. 
Here’s how two P-T automatic electric 
rotary stepping switches proved out in 
a Cincinnati drilling machine company 





NEW PRODUCTS 


de for introduction into ac amplifiers; 
and electronic switching of two sig- 
nals for oscilloscope _ presentation 
superimposed or separated by any de- 
sired amount. There is 2 times gain 
amplification in the amplifier section. 
The electronic switch goes to 20,000 
cps, and the amplifiers are flat within 
one db up to 150,000 cps. Chatham 
Electronics Div. of Gera Corp., Liv- 
ingston, N. J. 

Circle No. 46 on reply card 


LOW COST relay 
for mass products. 


Primarily intended for consumer 
products where its near-75 cent price 
will make a difference, this relay meas- 
ures only slightly more than an inch 
on all sides, carries one amp on its 


contacts, and works on 50 milliwatts. 


Inc., 81 Pearl 
Braintree, Boston 85, 


Instruments, 
South 


Sigma 
Street, 
Mass. 


Circle No. 47 on reply card 


SMALL SELECTOR steps briskly 
through many points. 


Sturdy and compact, the Clare ‘Type 
11 spring driven stepping switch 
completes, interrupts, or changes the 
connections in a succession of electric 
circuits. 
momentary impulses of current. One 


to eight bank levels are available, with | 


ten or eleven points per bank. Versa- 
tile wiper arrangements, driven 
through a 33-tooth ratchet, inde- 
pendently traverse several ten or 








Wiper springs advance on | 


VQ 0. 2IOO ser 


AUTOMATIC TANK GAUGES 
PIONEERED, DEVELOPED AND MANUFACTURED 








The VAREC Figure No. 2500 Series 
Gauges have been developed, over a 
period of several years, in response to 
urgent field requests for a dependable 
automatic tank gauge which would 
eliminate difficulties universally en- 
countered with tape reading, counter- 
weight type gauges. The instrument 
now offered represents the results of 
sincere effort on the part of VAREC 
engineers, invaluable and deeply ap- 
preciated customer-cooperation, and 
experience gained from over 2000 in- 
stallations covering practically every 
conceivable field operating condition. 
incorporated in this 
gauge are such features as (1) liquid 
level indication on a mechanical count- 


Successfully 


er arrangement for ease of reading, 
(2) operation checker, (3) gravity com- 
pensator, (4) simple calibration and 
gravity compensator adjustment from 
outside the gaugehead. Never neces- 


IN RESPONSE TO 


INDUSTRY DEMAND 


sary to gain access to tape, loosen sup- 
port brackets or make adjustments in 
the presence of dangerous tank vapors, 
(5) provision for convenient addition, 
at any time, of auxiliary equipment 
such as mechanical limit or control 
switches, programmers, VAREC Re- 
mote Reading Gauger Transmitters, 
etc., (6) corrosion resistant materials 
of construction, as typified by the use 
of specially made Type 316 stainless 
steel ball bearings, and (7) all metal 
construction of components which in- 
sures electrical ground to tank shell. 

The VAREC Figure No. 2500 Series 
Tank Gauges are now available for 
higher P.S.I. 


working pressure) and, as is the case 


pressures (up to 300 


with the low pressure model, a com- 
bination of sound design, quality ma- 
terials, and rugged construction is of- 
fered — not construction which meets 
only minimum requirements at a price. 


VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda St., Compton, Calif. 
Cable address: VAREC COMPTON Calif. (U.S.A.) All Codes 
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700 D.C. Type Relay 
with Double Coil 


North's 700 series ‘‘gang”’ relays provide for up to 53 circuits 
onan 11 pileup arrangement. They incorporate North's exclu- 
sive contact spring design featuring heavy support springs to 
damp impact energy of fast opening and closing, minimizing 
contact bounce and vibration. The unusual capacity of this 
relay permits a great variety of contact arrangements in com- 
pact form (mounting width 5 inches). Widely used in com- 
puters, sorting and punching machines, automation and many 
types of industrial controls. 


For D.C. Operation 


Single Coil for 10 to 32 form A or 
10 to 16 form B or form C 


Double Coil for up to 53 form A or 
up to 32 form B or form C 


Operate Speed—25 to 75 milli- 
seconds depending upon spring 
load and coil arrangement. 


Also available with rectifier conversion units for A.C. relay 
operation having 10 to 32 form A contacts or 10 to 16 
form B or form C contacts. Size, both A.C. and D.C. types, 
4-5/16" x 5" x 1-27/32". 


NORTH RELAYS 


Write for new North Relay Catalog. 


THE NORTH ELECTRIC 
MANUFACTURING COMPANY 


INDUSTRIAL DIVISION 
532 South Market Street, Galion, Ohio, U. S. A. 
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NEW PRODUCTS 


eleven-point bank levels—or, in tan- 
dem, secure 33-point operation. Mil- 
lions of steps without readjustment 
are Claimed. C. P. Clare & Co., 3101 
Pratt Boulevard, Chicago 45, IIl. 


Characteristics 


in. 


Overall Length....... 443 in. 
i] 


Width (depend on no. of banks) 
24 in. (max.) 
Hermetically sealed enclosure available. 


Circle No. 48 on reply card 


MINIATURE RELAY is sensitive, 
rugged, adjustable. 


Balanced armature and adjustable 
contacts augment the sensitivity of 
the ‘Type SO miniature relay. Factory 
set to operate on ten milliwatts, the 
contacts can be regulated in the field 
for operation on as little as two milli 
watts. <A life expectancy of 250,000 
operations at a contact rating of 1.5 
imp is Claimed. Maximum allowable 
coil rating is three watts and tem 
perature range extends from minus 
55 C to plus 85 C. The relay is avail- 
able in a variety of enclosures. Ad- 
vance Electric and Relay Co., 2435 
North Naomi Street, Burbank, Calif. 


Characteristics 


Contact Arrangement. . . SPDT 

Contact Loed......... 1.5 amp 
Coil Resistance (standard) 

4,000, 6,500, and 10,000 ohm 

Weight me oe A 

Dimensions... . . es x 1} in. 

Vibration resistance 20 g at 10-55 cps 

5 g at 10-500 cps 

Shock resistance .... ee 


Circle No. 49 on reply card 





ERROR IN JUNI 


The wrong cut was used for Item 38 
in June New Products. A barrel-like pres- 
sure regulator, not a probe, is made by 
Beacon Devices, Inc 





WHAT'S NEW ABSTRACTS 


Rememberance in Neon 


From “Gas Diode Circuits for Elec- 
tronic Computers,” National Bu- 
reau of Standards, Summary Tech- 
nical Report. U. S. Department of 
Commerce, Washington 25, D. C. 
April 1955 


The cold-cathode gas diode—such 
as the simple neon glow lamp—offers 
possibilities for very large, low-cost, 
high-speed memories, once the in- 
herent disadvantages of the tubes are 
overcome. A. W. Holt and D. C. 
Friedman of the National Bureau of 
Standards data processing systems lab- 
oratories are studying these visual-in- 
dicating tubes for memory and indi- 
cator circuits. The results so far are 
several circuits that may reduce the 
cost of digital computer memories 
from the present dollar per bit (binary 
digit) to about 10 cents per bit. 

Ihe cold-cathode gas diode has 
these advantages as a computer ele- 
ment: it is small, rugged, cheap, and 
cool-operating; it has low power re- 
quirements, high possible _ pulse 
power; and it affords visual indication 
and several types of possible binary 
states of operation. But it also has 
a number of disadvantages that 
limit its use: a wide range of charac- 
teristic potentials; variability of these 
potentials with use, ambient light, 
and temperature; long deionization 
time; and difficult access to a single 
bit when used in a matrix. 

Ihe basic gas diode circuit is shown 
in Figure 1. When used as a de 
indicator memory bit, a_ potential 
somewhere between the firing and 
holding voltages is applied at point 
A. If the tube is unfired, this poten- 
tial is not enough to cause conduction 





and the tube will remain dark, This 
corresponds to the binary zero. B 
is at the supply voltage and C is at 
ground. 

If a positive voltage is applied mo- 
mentarily at A or B, or a negative 
voltage is applied at C, the tube will 
fire. Point B drops in potential while 
point C rises, and the new levels will 
be maintained as long as A is above 
the holding potential for the tube. 
This is the binary one state. To re- 
turn to the binary zero, the holding 
potential at A must be interrupted 
long enough for the tube to deionize 
fully. This is a disadvantage. 

Figure 2 shows a double-diode 
memory circuit. A de voltage above 


Fig.2 

















the firing potential is applied to A; 
thus one tube will always be on. ‘To 
write in the opposite digit, the cathode 
of the “off” tube is pulled down with 
a negative “write” pulse, which causes 
it to fire. This causes the common 
point B to drop to near ground po 
tential so that the “‘on” bulb has less 
than holding potential and starts to 
deionize. At the end of the “write” 
pulse point B again rises to holding 
potential, but all the current goes 
through the “on” bulb while the 
other continues toward the fully de- 
ionized state. Since the system is 
symmetrical, fast writing is possible 
in either direction. 

Figure 3 shows the organization of 
the double gas-diode-capacitor-mem 
ory. This circuit is a variation of the 
NBS _junction-diode-capacitor mem- 
ory. Here the semi-conductor diodes 
are replaced by gas diodes. The gas 
diodes either clamp one side of the 


DAYTRONIC 


LOAD TRANSDUCERS 


for Measurement of 


WEIGHT, FORCE, 
STRESS 


Transducers 
~_> Series 140 and 141 


Extremely occurate differential transformer-prov- 
ing ring offers exceptional ruggedness and long- 
term stability. Ranges from 5 Ibs. to 100,000 Ibs., 
tension or compression. Static and dynamic re 
sponse. Widely used in a variety of industrial and 
scientific measurement and control applications. 





Used with Daytronic 
and other differen- 
tial transformer 
transducers. 
Sensitivity to 10° inches 

Linearity 1% or better. Re 

peatability 2% or better 

Stabilized low drift circuitry 

Provide regulated excitation 

voltage for transducers. Out 

puts for recorders or oscillo 

graphs. Also available with 

adjustable Contact Meter and 

output relays for automatic 

control and alarm uses. 


la 


Indicating 
Amplifiers 





For complete specifications write: 


yg ae 


216 SOUTH MAIN ST. * DAYTON 2, OHIO 


ALSO AVAILABLE—Specialized Transducers, 
calibrating equipment, limit controls and 
complete systems engineering services 











Now you can BIND with 
METAL LOOSE LEAF and 


RIGHT IN YOUR OWN OFFICE 


Improve all your literature... 
guarantee maximum attention and 
action for every message... add 
prestige, utility, color to reports, 
manuals, catalogs, etc. Pages lie 
flat, turn easily, can be inter- 
changed between GBC Metal 
Loose Leaf and Plastic Bindings. 


NEW BOOKLET tells 


about this modern way 
of binding in plastic 
and/or metal loose 
leaf. “How it is done” 
facts make this richly 
illustrated booklet 
worthwhile reading 
for every executive. 
Get your copy today. 


smo. GENERAL BINDING CORP. 
4 812 W. Belmont Ave. 
r ye Dept. CE-7 
%ee* Chicago 14, lilinois 
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° . ABSTRACTS 
Borg 900 Series Micropots | 


offer everything you want 
in a potentiometer 


To other bit 
buses 


s4PR-Wrew ce 


Fig. 3 


Dependability — Mechanically and 
electrically stable. Effectively 
sealed against dust and moisture. 
Versatility — 1 to 5 gang models, 
single or double shaft, servo or 


( Absolute Linearity — Uniform re- 
bushing mount. 


sistance distribution. No external 


. trimming required. 
Permanent Accuracy — Resistance s 
element integrally molded within re ae M 
housing. Leads, taps and terminals er ecees (CRILEME 
commercial and military require- 


firmly encapsulated. 


Long Life — Scanning action dis- 
tributes wear across face of bar 
contact. Rigid, fixed lead screw. 


7 


ments for all applications. 


production quantities. 


Availability — Quick deliveries on 


storage capacitor or disconnect it 
In operation, the capacitor 1s 
charged a few volts positive for a 


binary one or a few volts negative for a 
binary zero. To write a one, the 
diodes are fired, clamping the top of 
the capacitor to approximately ground 
potential, and the bottom is pulled 
downward to minus 25 v. When the 
clamping pulses are terminated, the 
tubes deionize and disconnect the top 
BORG EQUIPMENT DIVISION of the capacitor. The bottom pulse 
GEORGE W. BORG CORPORATION QO A On. is then released, raising the top of 


JANESVILLE, WISCONSIN the capacitor to plus 25 v. 
Similarly, to write a zero, a posi- 


tive bottom write pulse is used. The 
circuit is read by clamping the top 
of the capacitor and noting the po- 
larity of the pulse at the input to the 
read amplifier. 


Borg 1100 Series Micropots 


Accurate, dependable. long-lived. Has 9 inch 
coded leads for easy installation. Offers your 


products a competitive price advantage. 


WRITE FOR CATALOG BED-A158B 


Theory Smooth and 
Turbulent 


From “Theory of Hydraulic Flow 
Control,” an article by Nils M. 
Sverdrup, Aerojet-General Corp. 
“Product Engineering,” April 1955, 


pp. 161-176 


Rate of flow in a hydraulic circuit 
depends on the resistances of its vari- 
ous components and the pressure dif 
ferential across it. This azticle derives 
the equations of flow for any circuit, 
whether series or parallel, as well as 
the equations for the throttling orifice 
of a flow control valve. 

Practical problems in the experi- 
mental determination of hydraulic re- 


; ‘fs tH U G taal E S sistance are discussed. These include 
Adequate fundamental training the 


effect of laminar and turbulent 

is essential. Experience in this neneanecn flow on the coefficient of friction. 
field or related areas is desirable. Charts of coefficient of friction versus 
Reynolds number for laminar and tur- 
bulent flow in smooth pipes are in- 
cluded. 

Separation occurs in value throt- 
tling orifices and venturi tubes when 
corners are too sharp or conical walls 
diverge too quickly. The results are 





PHYSICISTS ano ENGINEERS 


for research, 
development and engineering SCIENTIFIC AND 


on infrared systems. ENGINEERING STAFI 


AND DEVELOPMENT 
This highly specialized work LABORATORIES 
is conducted in one of 

the nation’s largest advanced 
electronics organizations. 


Culver City, Los Angeles County, Calif. 
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eddies and increased turbulence and | 
energy dissipated as heat. 

Cavitation occurs when the static 
pressure gets below the vapor pres- 
sure of the liquid. The liquid then 
vaporizes and a cavity filled with 
vapor forms. Sudden collapse of the 
cavities when the liquid enters a re- 
gion of higher pressure causes very 
high shock forces and erosion of metal 
surfaces. Once cavitation is estab- 
lished, the rate of flow through a ven- 
turi remains constant regardless of 
further decrease in downstream pres- 
sure. This characteristic of the ven- 
turl is sometimes used to limit the 
flow rate. 

Six numerical examples apply the 
equations to design problems and 
point out certain approximations 
which are useful. 


More on Gamma Ray 
Gauges 


From “A Gamma Ray Thickness 
Gauge For Hot Steel Strips and 
Tubes,” by G. Syke. Journal of 
the British Institution of Radio 
Engineers, September 1954. 


Close control of materials traveling 
at high speeds and temperatures is ac- 
complished by non-contacting radia- 
tion gauges. ‘Iwo applications of this 
scheme, from England, supplement a 
recent American article, “Use Radio- 
active Instruments,’ Conrroi ENGI- 
NEERING, March, 1955. Distinct read- 
ings at short time intervals display the 
longitudinal profile of a 600 ft hot 
steel strip, traveling at 1,200 ft/min. 
Coded lights indicate mean thickness 
of each interval, enabling the oper- 
ator to adjust rolling mill gap and 
temperature distribution along the 
strip. The objective of the process is 
correct thickness (0.50 to 0.30 in.) 
throughout the length and width of 
the steel strip. 

Steel thickness greater than 0.050 
in. requires gamma or X-rays for pen- 
etration. For the application above, 
the gamma ray advantages (small size, 
lower cost, no connections, less vul- 
nerability, no source stabilization, and 
no cooling) outweigh those of X-rays. 
Limitations of gamma rays are inade- 
quate choice of energy spectra and 
limited source strength. 

rhe source used in the gauge is 
thulium 170, with a half-life of 127 
days and a useful life of four to six 
months. The detector consists of a 
sodium iodide crystal and photo-mul- 
tiplier. The source is totally enclosed 
in an aluminum capsule, and the de- 
tector is mounted inside a shockproof, 
water-jacketed, welded steel structure. 

The gamma source and detector 
are placed on opposite sides of the 

















ENGINEERS 


With E.E. or M.E. Degree & Work Background 
in DESIGN - DEVELOPMENTS - RESEARCH on 
Industrial Recording & Control Instruments! 


Today, more than ever before, 
industry needs men who know how 
to interpret the future . . project 
plausible solutions . . and, when the 
time comes, handle them with con- 
fidence and dispatch. We are no 
exception. With 50,000 plants in the 
world spending a half-billion dollars 
annually for industrial instruments, 
we, as the leader in this field for 
more than 60 years, must ALWAYS 
have the right answer ready for 
every situation. 


To keep pace with today’s need and 
ahead of tomorrow’s forseeable de- 
mands in the field of automation, the 
BROWN INSTRUMENT DIVI- 
SION has more than doubled the 
size of its Engineering Department 
since 1942. Further enlargement of 
this department is essential . . the 
science of instrumentation is in its 
infancy. Truly, the opportunities are 
unlimited . . and while our policy is 
to promote from within, our selec- 
tions for advancement are made on 
a merit basis. 


In the BROWN INSTRUMENT 
DIVISION, in Philadelphia, more 
than 400 engineers are engaged in 
design, development and research on 
industrial measuring and control in- 
struments. These men know their 
business, but they can’t carry today's 
growing work-load. 


They need help—YOUR HELP! 
Can You Help Them... 
Can You Help Us? 


Our requirements: skilled men with 
backgrounds in Physics, Mechanical, 
Industrial and Chemical Engineering 
. . with a particular stress on ELEC- 
TRICAL ENGINEERS with E.E. 
Degree and preferably two to four 
years experience in design, develop- 
ment and research projects related to 
our field. 

The Rewards: Recognition, advance- 
ment and pay, based on your ability 
and potential executive capacity. 
Better than average company 
benefits — 


But, Why Not Get All the Facts First-Hand 


. . write us a letter about yourself, asking specific questions, or just send the 
coupon below for a copy of: YOUR OPPORTUNITY TO HELP MAKE 
POSSIBLE THE AUTOMATIC FACTORY OF TOMORROW. 


a, 
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DataReader 
Model 546 


A transport unit for high speed 
searching, reading and recording 
of data on magnetic tape. 


Applications 


Include: 


High-Speed 
Computing 


Data 


Processing 


Automatic 


Control 


Telemetering 


PERFORMANCE: 


RAPID START—STOP—REVERSE—from 
stop to full speed in 6 milliseconds. 
HIGH TAPE SPEED— optional single 
speed of 30, 40, 50, 60 or 75 in/sec. 
TWO-DIRECTION SEARCH—either di- 
rection, automatically at full speed. 
REMOTE OPERATION —forward, re- 
verse, stop, rewind and selection of 
reading and writing. 

VACUUM COLUMN TAPE CONTROL— 
provides strain-free tape feed over 
entire length of tape. 

END-OF-TAPE SENSING—stops auto- 
matically at either end of tape. 
RAPID REWIND—2400 ft. of %2” or 
%” tape in 3 minutes. 


FOR FURTHER INFORMATION WRITE 
ElectroData Corporation 
Component Sales Division 
717 No. Lake St., Pasadena 6, Calif. 


ElectroData 


An Affiliate of 
CONSOLIDATED ENGINEERING CORPORATION 
OF PASADENA, CALIFORNIA 
ElectroData Corporation maintains a nation- 
wide sales and service organization. 
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ABSTRACTS 


moving steel strip; the leading edge 
triggers a photocell circuit which 
energizes the measuring circuit and 
opens the shutter in the path of the 
gamma ray beam. At the proper mo- 
ment registered pulses from the source 
feed definite charges to an integrating 
capacitor. The voltage across the 
capacitor, obtained during interval 
t,, 1s a measure of the strip mean 
thickness. At the end of the inter- 
val, a definite fraction of the charge 
is transferred to a sharing capacitor 
and the first capacitor is discharged. 
This sequence is repeated several 
times. However, during the second 
interval the charge on the sharing ca- 
pacitor is compared with a standard 
voltage, preset to the equivalent thick- 
ness. ‘The magnitude of the differ- 
ence voltage is a measure of the thick- 
ness error; this voltage is fed through 
biased tube and relay circuits, which, 
in turn, energize a coded light signi- 
fying the range of error. 

rhe circuit continues to repeat the 
operation—measuring during one in- 
terval and comparing during the meas- 
urement of the succeeding interval. A 
timer and stepping switch arrange- 
ment cycles the operation, spreading 
the error light for succeeding inter- 
vals on adjacent rows of lights in the 
display panel. 

The lamp board consists of five 
horizontal rows and 23 or 48 vertical 
columns of lamps to display the longi- 
tudinal profile. ‘The middle lamp in 
each row is green, and when it is “on” 
the mean thickness in that interval 
is within the nominal setting and 
tolerance. Amber and red _ lights 
above and below the green indicate 
plus and minus thickness errors to 
preset ranges. A typical 600 ft strip, 
moving at 1,200 ft/min, will pass 
through the mill in 30 sec. During 
this time eighteen lamps, one for each 
32 ft section, will light up. Observa- 
tion of the longitudinal profile tells 
the operator the necessary corrections 
to make for the next strip. 

The instrument is completely self- 
checking. After a strip has completed 
its run through the guide rollers, the 
photocell closes the standard-thick- 
ness shutter and switches the circuit 
to “standardize.” The error between 
the equivalent thickness voltage and 
the voltage from the standard shutter 
is fed to the same tube and relay cir- 
cuits, but now a servo motor drives 
an adjustable control in the circuit 
to rebalance the system to its correct 
value. 
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Out! 


____ ANALYSIS OF — | 
FEEDBACK 


CONTROL SYSTEMS 
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control 8yY ste n is 
a theory. Ext 

servomechanisms 


lators are cons 


operate. Co 
functions of 
deals with 


A soul 


£ situation me 
Y . Institute © 
slow ~) : — Saunders, Unis. $0 
not F383 pP 308 illus., 10 tables, 
calif., « - 








| TE 


Just Out! 


TRANSISTORS 
Theory and Applications 


Transistor design, functions, and performance 
are fully explained at a technical-engineerin 
level. Theory is kept to minimum 

relation to practical needs. Covers 

eascading of transistors, silicon 

and germanium preparation, power 
transistors, high frequency transis- 

tors, and a host of related 

subjects By A. Coblenz, 

Transistor Products Co., and 

H. L. Owens, Signal Corps 

Eng. Laboratories. 313 pp., 

115 illus., $6.00 


THE COMPLEAT 
STRATEGYST 


Shows how to use game theory to pick win- 
ning strategies—a problem-solving tec! 
nique now finding application 
and everyday life. Written in < 
with many amusing illustrations 

close’ to fundamentais that 
handled with ordinary arithmeti« 
with many variations of two-person, zero- 
sum games, By J. D. Williams, Mathemat- 
les Division, The Rand Corporation. 234 pp., 
4.75 


business 


STANDARD HANDBOOK for 
ELECTRICAL ENGINEERS 


Here are thousands of facts and figures, s 
ns and measurements,methods and 1 ter 
elds of electrical engineering 
covers everything from electr 
rcuits, regulators and reacto 
movers... to illumination, 
tem electrical equipment, and elect 
electron tubes. Prepared by a staff o re 
sts. A. Knowlton, Electrical World, Edit 
Chief. 8th Edit., 2311 pp., 1861 illus., $17.00 


READ THESE BOOKS 
10 DAYS FREE 





McGraw-Hill Book Co., att: H. W. Buhrow, 
Industrial and Business Book Dept., 
327 West 41 St., NYC 36 


Send me book(s) checked below for 10 days’ ¢ 
ination on approval. In 10 days I will remit for 
book(s) 1 keep, plus few cents for delivery costs, 
and return unwanted book(s) postpaid We pay 
delivery costs if you remit with this coupon—same 
return privilege. ) 


© Bruns & Saunders—-Analysis of Feedback Con- 
trol Systems—$7.50 


C) Coblenz & Owens—Transistors—$6.00 
() Williams—The Compleat Strategyst— $4.75 


-] Knowlton—Standard Handbook for Electrical 
Engineers—$17.00 


(Print) 

Name 

Address 

City polnive Zone 


Company . 


State 


Re ee ree 
For price and terms outside U. S 
write McGraw-Hill Int’l., N.Y .C 














This circuitry also can measure the 
wall thickness and eccentricity of steel 
tubes while they’re still hot. In this 
way, the amount of “off gauge” ma- 
terial is reduced, and parts, while hot, 
may be corrected by a second opera- 
tion. 

The source is mounted in the end 
of a steel rod and the tube is rotated 
over this. The detector unit is lo 
cated outside the tube. The rotation 
generates a helical path, with thick- 
ness measurement output fed through 
an R-C circuit to a strip chart re 
corder. Eccentricity shows up as a 
wave on the chart, easily detectable 
to plus or minus two per cent of wall 
thickness (on a 4 in. wall) when the 


scanning speed is 20 rpm. 


Recording the Bull 


From “The Automatic Recording 
of Animal Behaviour in the Field,” 
by R. ]. Canway, W. F. Raymond, 
and J. C. Tayler, all of Grassland 
Research Institute, Herley, Berk- 
shire, England. Electronic Engi- 
neering, March 1955. 


A young bull that closed its own 
loop (sometimes by sitting on it) pro- 
vided observers with valuable infor- 
mation on the time it spent in walk- 
ing, standing, lying, grazing, chewing, 
and moving its legs and jaw. The 
idea was to see if these movements 
had any relation to productivity. A 
5 Ib “package” of recording equip- 
ment and switches, saddled to the 
bull, had these advantages: 
> Records were continuous and ob 
jective 
> Variations were negligible 

Although the idea of transmitting 
radio signals from the bull was aban- 
doned because of limited available 
frequencies, a radio link proved val- 
uable in testing switches. 

The animal wore the equipment in 
its 6 by 6 by 4 in. box for several days 
without discomfort. At the end of 
each 24-hr period, 48 in. of Teledel- 
tos paper, moving from a constant- 
speed drum, was removed from the 
box and studied. This was a day’s 
history of the animal’s movements. 
An electro-magnetic counter gave the 
total number of certain of its move- 
ments. 

It was found that movements were 
reflected best by continuous, high- 
voltage, lateral tracing by two pens 
resting on top of the paper. Low volt- 
age relays guarded against high volt- 
age outside the recording box. In 
some cases these relays operated sole- 
noids, which controlled the pens’ 
positions. 


METER-RELAYS 


For Sensitive and Accurate Control 


RANGES: 


0/20 Ua. to 
0/50 A. 
0/5 Mv. to 
0/500 V. 
The trip point 
is adjustable to 
Sorte 20-8 Manny gyaee og GnY Point on 
the scale arc. 
These meter-relays are sensitive to 
changes of as little as 1%. One con- 
tact is carried on moving pointer. The 
other is on a semi-fixed pointer. When 
two pointers meet contacts close and 
lock. Holding coil is wound directly 
over moving coil. Reset can be man- 
val or automatic. Spring action in 
contacts kicks them apart forcefully. 
Three sizes of clear plastic case models, 
22, 3% and 412 inches (all rectangular). 
Two ruggedized and sealed models, 
2% and 3'2 inches (round metal cases). 
Contact arrangements: High Limit Sin- 
gle, Low Limit Single or Double (both 
high and low). Contact rating is 5 to 
25 milliamperes D.C. 
Suggested circuits for meter-relays and com- 
plete specifications including prices are cov- 
ered in new 16-page Bulletin G-6, which you 


can get by writing Assembly Products, Inc., 
Chesterland 22, Ohio. 





NORTHAM 


DIFFERENTIAL 


PRESSURE 
TRANSDUCER 





A variable inductance instrument for 
measurement of differential pres- 
sures in ranges 200 to + 5,000 psi 
and line pressures up to 5,000 psi. 
Designed for rocket and jet engine 
testing involving extreme mechani- 
cal disturbances, and for general 
laboratory measurement and indus- 
trial control applications. 
MODEL DP-15 SPECIFICATIONS: 
200 to + 5,000 psid 
Maximum Line Pressure: 5,000 psi 
Accuracy 1% full scale 
Excitation Frequency: From 60 to 20,000 cps 
Notural Frequency: From 2,000 cps to 
10,000 cps depending on range 
Acceleration Response: Less than 1%/1,000 
g aiong most sensitive axis 
(range above 1,000 psi) 
Less than 1%/1,000 g axial 
(all ranges) 


WRITE FOR BULLETIN NO. CE-15 


Northam Engineering Facilities Are Available 
To Assist You With Any Application Problems 


Pressure Ranges 


NORTHAM PRODUCTS INCLUDE... 


Transducers for pressure, acceleration and 
displacement measurement and auxiliary 
electronic equipment for complete systems 


L NORTH AMERICAN INSTRUMENTS, INC. — 


2420 North Lake Avenue * Altadena, Calif. 











for experienced 


and 


ELECTRONIC TECHNICIANS 


If you can develop new computer cir- 
cuits using magnetic cores, transistors, 
printed wiring, and other new tech- 
niques, we have a good position avail- 
able for you. 

You will work with the outstanding 
computer men who developed the ERA 
1101, EKA 1102, and ERA 1103 Com- 
puter Systems, the Univac File Comput- 
er, ERA magnetic drum memories, and 
other equally famous Remington Rand 
systems. 

Computer experience is not necessary. 
Your proficiency in related fields will be 
rewarded from the start, and you will 
work in the fastest-growing organization 
in the data-processing field. Opportuni- 
ties for advancement will be numerous. 

Positions are also available for new 
engineering graduates and technicians 
who want to learn digital techniques and 
systems. Pay, special benefits, and 
opportunities for advancement are most 
attractive. 





Please send an out- 


ELECTRONIC ENGINEERS “ 


Remington Fland 


‘tomorrow's OPPORTUNITY, 


ILLUSTRATED — 


Designs for new Remington Rand ERA com- 
puters that are now under development 
Upper: general purpose digit register. 
Lower: packaged transistor logic element 





line of your training 
and experience to 
Mr. J. N. Woodbury: 














ENGINEERING isearc Associates DIVISION 


1902 W. Minnehaha Ave. @ St. Pavl W4, Minnesota 
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VHS* RELAY 


(*Very High Sensitivity) 


Model 266 


Sample specs. are: 

0.2 micro- 

amperes, (12,000 \*_ 
ohms coil) or, 0.1 7 
millivolts, (5 ohms.) 


@ The VHS is a balanced 
armature, Alnico magnet type 
relay. It is internally shock- 
mounted and resistant to 
vibration. The screw-on cover 
is gasket sealed. It can be opened and resealed. 
Connections: 9 pin octal style. Dimensions: 1% 
diameter x 24 long. Weight: 4 ounces. Sensitivity: 
Infinite variations from 0.2 Ua. to 10 Amp. or 
0.1 Mv. to 500 volts, self contained. Higher volts 
or amps with external multipliers. A.C. rectifier 
types. Trip point accuracies to 1%. Differential 
1%. The degree of resistance to shock and vibra- 
tion primarily depends upon sensitivity and type 
of action wanted. In general, the relays will not 
be permanently dam- 
aged by shocks of 
100 G’s and vibra- 
tions up to 2,000 cps 2 
at4 G’s.The most sen- ¢ 
sitive relays may close 
7 ine 


19) 
tp 


their contacts under 
these conditions. 
Contacts: SPST or 
SPDT, 5-25 Ma. D.C. 
Other ratings to 2 
Amp. A.C. A locking 
coil gives high pres- . 
sure and chatter free > * 
contact under shock : 
and vibration. 

Prices: $20-$80. 

Delivery 4 to 6 weeks. 
Assembly Products, Inc., 
Chesterland 22, Ohio. 


Write for explanation of symbols 


WHAT'S AHEAD: MEETINGS 


JUNE 


American Society of Mechanical En- 
gineers, Diamond Jubilee Semi-An- 
nual Meeting, IRD Session on 
Thermodynamics, Hotel Statler, 
Boston, Mass. June 19-23 


Institute of the Aeronautical Sciences, 
International Aeronautical Confer- 
ence, Institute of Aeronautics Sci- 
ence Building, Los Angeles, Calif. 


June 20-23 


American Institute of Electrical En- 
gineers, Summer General Meeting, 
New Ocean House, Swampscott, 
Mass. June 27-July 1 


Third British Instrument Industries 
Exposition, Earl’s Court, London, 
F. W. Bridges & Sons, Ltd. Trafal- 
gar Square, London W. C. 2 Eng- 
land. June 28-July 9 


AUGUST 

American Institute of Electrical En- 
gineers, Pacific General Meeting, 
Butte, Mont. Aug. 15-19 


Stanford Research Institute and Na- 
tional Industrial Conference Board, 
Symposium on Electronics and Au- 
tomatic Production, Sheraton Pal- 
ace Hotel, San Francisco, Calif. 

Aug. 22-23 


Western Electronics Show and Con- 
vention, San Francisco Civic Au- 
ditorium, San Francisco, Calif. 

Aug. 24-26 


SEPTEMBER 


Production Engineering Show and 
Machine Tool Show, Navy Pier and 
International Amphitheater, Chi- 
cago, Ill. Sept, 6-16 


Instrument Society of America, 10th 
Annual Conference and Exhibit, 
Shrine Exposition Hall and Audi- 
torium, Los Angeles, Calif. 

Sept. 12-16 

International Analogy Computation 
Meeting, Brussels, Belgium. Write 
P. Germain, Universite Libre de 
Bruxelles, So av. Fr. Roosevelt, 
Brussels, Belgium. Sept.27-Oct. 1 


ontwl Cases tlOODO P&S] 


WITH VICTOR GAS-0-DOME REGULATORS 


Gas pressure, not springs, control diaphragm motion to give you 
precise regulation of high-pressure gases at high or low flow rates. 
Can be remotely controlled if desired. Safety valve furnished on 
request. More than 55 stock models in the following series: 





GAS-0-DOME 
SERIES 


DELIVERY 
RANGE (p.s.i.) 


SPECIAL FEATURES 


GASES HANDLED 





GD 30 
GD 31 


0-2500 
0-3600 





High Delivery Flow Rates. 
Accurate Valve Control. 


Air 





GD 61B 0-2500 


7 lb.— 4 





—— a. Compact — 


Argon 
4 Helium 


GD 62B 
GD 80 
GD 81 


GD i0 


0-3600 
0-5000 
0-10000 


0-500 


—67° to +'160° F. Range. Hydrogen 


Nit 
Accurate Valve Control. an 
—67° to +160° F. Range. 


—and others 
Self-Relieving Pilot Regulator | M0M-corrosive to 
Control. High Flow Rates. 


bronze and 
SS stainless steel. 
High Pressure, Low Flow. Com- 
pact—4 lb. —2” x 6” x 6”. 


0-30 & Corrosion Resistant. Ammonia (wet or dry) 
0-40 Boron Trifluoride 
Chlorine (wet or dry) 
Hydrogen Sulfide, 
Hydrogen Chloride, 
Sulfur Dioxide—and 
other corrosive gases. 





VICTOR’S LONG EXPERIENCE 

IN PIONEERING HIGH PRESSURE 
GAS REGULATION jis yours for the 
asking. For details, and complete 
data on Gas-O-Dome Regulators, see 
your VICTOR dealer or write us for 
catalog 341. Dealer inquiries invited. 


VicIOR EQUIPMEN] COMPANY 


Mfrs. of welding & cutting equipment, hardfacing rods; 
blasting nozzles; cobalt & tungsten castings. 


844 FOLSOM ST. * SAN FRANCISCO 7 21 











SR 10 0-1000 





SR 100 
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NEW BOOKS 


Non-Linearities Can Help, Too 


RESEARCH IN NON-LINEAR MeE- 
CHANICS AS APPLIED TO SERVO- 
MECHANISMS. Wright Air De- 
velopment Center, U. S. Air 
Force 148 pp., illustrated. (Or- 
der PB 111584 from OTS, U. S. 
Department of Commerce, 
Washington 25, D. C.). $3.75 


This report describes the results of 
work for the U. S. Air Force by Cook 
Electric Co. aimed at improvement 
of servomechanism response by non- 
linear techniques. Included in the 
approach: development of practical 
non-linear elements to instrument 
these techniques, extension of non- 
linear theory through theoretical 
analysis, and formulation of non- 
linear servo theory into practical de- 
sign information. 

Cook reports that dual-mode op- 
eration is feasible not only for instru- 
ment servos, but for servos having 
ratings as high as 4 hp. The report 
develops switching criteria for higher- 
order systems. A continuous con- 
troller is synthesized by network 
methods to replace the discontinu- 
ous controller usually used in the dual- 
mode system. 

The optimum size and shape of 
the boundary between the outer and 
inner modes of a dual-mode servo are 
described and germanium diodes for 
use in servo-applied demodulators are 
evaluated. 


Index to Pressure Dynamics 


BIBLIOGRAPHY AND 
Dynamic PrEssuRE MEASURE- 
MENT. National Bureau of 
Standards Circular 558, compiled 
by W. G. Brombacher and 
I’. W. Lashof, 124 pp. Pub- 
lished by Government Printing 
Office, Washington 25, D. C. 


75 cents. 


INDEX ON 


[The bibliography in this circular 
contains $50 items on dynamic pres- 
sure measurement alone. Related sub- 
jects such as static pressure measure- 
ment and components of instruments 
are also covered, though in less de- 
tail. The references are extensively 
indexed and classified by subject and 
author to assist in detailed analyses. 
The bibliography may also serve as 
the starting point for surveys of more 
specialized parts of the subject. 

Preparation of the bibliography was 
part of a cooperative program of de- 
velopment and research in basic in- 


strumentation sponsored by the Of- 
fice of Naval Research, Office of Sci- 
entic Research of the Air Research 
and Development Command, and 
the Atomic Energy Commission. 


(Foreign remittances sent to the Govern- 
ment Printing Office for this publication 
must be in U. 8. exchange and include an 
additional one-third of the price to cover 
mailing costs.) 


Up to Date on AC 


THe THEORY OF ALTERNATING 
Current Macuinery. By Alex- 
ander S. Langsdorf, Washington 
University. New Second Edi- 
tion 6 x 9 in., 666 pp. Published 
by McGraw-Hill Book Com- 
pany, New York. $8.50. 

Two major points are recognized by 
the author in this revised edition: in- 
creased study in electronics limits the 
time available in engineering curricula 
for comprehensive courses in power 
machinery; and mercury-arc rectifiers 
have replaced the synchronous con- 
verter, 

The book opens with the funda- 
mental principles of the transformer; 


introductory discussions of circuit and 
field theory are eliminated. The au- 
thor believes that transformer theory 
leads to better understanding of the 
principles of synchronous and asyn- 
chronous rotating machinery. Chap- 
ters on the various machines dis- 
tinguish between fundamentals, and 
operational, structural, and design fea- 
tures. With the three chapters (of 
sixteen) on basic principles under his 
belt, the student can proceed to dis- 
cussions of special machines in the 
latter chapters. 

The new section on mercury-arc 
rectifiers and inverters includes the 
derivation of a simple formula for 
the separate and combined effects 
of overlap and phase control on volt- 
age regulation. This material is not 
found in other American texts. 

Aptly suited as a text, refresher, 
or reference, the book is well-written 
and easily understood. The author 
gracefully interjects practical aspects 
of measuring machine parameters and 
losses and advises on personnel and 
instrument safety. 


ACCURATE, 
WIRE-WOUND 





resistors 





for 
INSTRUMENTS 
AND COMPUTERS 


Cinema ceramic 
bobbin and 
encapsulated 
resistors meet 
military and 
advanced 
specifications. 
Write for catalogue 


on your letterhead. 








CINEMA ENGINEERING CO. 


DIVISION AEROVOX CORPORATION 
1100 CHESTNUT ST. - BURBANK, CALIF. 
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UNTERNATIONAL 


AUTOMATION, 


EXPogitioN 


CHICAGO 
NOV. 14-17 
1955 


A New World 


at your fingertips 
as near as your date pad 


—just flip the pages to November 14- 
17, and reserve those four days to ex- 
plore new possibilities in applying the 
tools of automation to YOUR world of 
production. 


The Second International Automation 
Exposition will open on November 14, 
1955 at Chicago's famed Navy Pier. 
It will include: 


FOR THE VISITOR — 


@ Computer and Automation applica- 
tion clinics and special related sym- 
posia, 


Exhibits of leading manufacturers 
displaying the latest developments 
in automation. 


FOR THE EXHIBITOR — 


@ A show of proven merit for finding 
new and exciting markets, and ex- 
pandng ‘old’ ones. 


For complete exhibitor information, 
including a report on the success 
of the First Automation Show held 
last November in New York City, 
write to Richard Rimbach Associates 
at the address shown or use the 
coupon below. 


oe Ae ee et ee 
SECOND INTERNATIONAL 


AUTOMATION EXPOSITION 
863 Ridge Avenue, Pittsburgh 12, Pa. 


0 Send EXHIBITOR information. 


O Send show visitor registration data. 
OD cn. 
Company . 
Address 


State . 


eS@aauaaea tees eee 


S®naneeueeanene® 





as Ue 
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A NOTE ABOUT 
ARTICLE REPRINTS 


DEAR SUBSCRIBER: 


Your request for article reprints has been gratifying—but tough 
on the regimen hereabouts. 

Gratifying because it helps us know what we print is on the beam 
Still, it has created a problem in handling. So we'd like to establish 
the following routine to speed reprints to you as well as iron out out 
own oscillations. 

If paragraphs 1 or 2 below describe what you want—then send us 
the filled-in coupon at the bottom of this page (or its facsimile 
If they don’t, then paragraph 3 is for you. 


1 First off, one reprint of an article is free. One thing, 
though: don’t look for a bonanza of single copies of dif 
ferent articles. Limit these to six please. 


An across-the-board charge will apply for requests for 
from 2 to 100 reprints of a particular article. This 
charge, which just covers our own costs for processing, 
sorting, and mailing, is SIX CENTS PER PAGE. Multipl 
6 cents by the number of pages in the article by the 
number of articles you want. The final figure is the 
amount of check or money order we'd appreciate with vou 
order. One extra word here. When we talk of reprints 
in the 1-100 category, we mean tearsheets or Bruning 
facsimiles. Naturally, tearsheets are more attractive. 
But sometimes their supply is limited and we may have 
to furnish you with black and white, but very serviceable 
Bruning copies. 
Orders for 100 or more reprints of an article will be 
handled on an individual basis. You will receive a 
letter advising you of several prices—each determined 
by the method of reproduction you choose. If you want 
the color preserved in the reprint, you may have to 
settle for one method, and therefore, one price. 

Sincerely Yours, 

THE EDITORS 


HERE’S A HANDY ORDER FORM FOR BACK ARTICLES 


TO CONTROL ENGINEERING * SINGLE REPRINTS 
REPRINT SERVICE ARE FREE 
330 W. 42 ST., N.Y.C. 


| have enclosed a check for to cover the cost of 
reprints of the following: 


Article Title 


Address 














——. » EMPLOYMENT OPPORTUNITIES 


NATIONAL’ / DISPLAYED RATES—— UNDISPLAYED 
The advertising rate is $14.00 per inch for all advertising i i 


$1.50 per line, minimum 3 lines. To figure advance payment 


appearing on other than a contract basis. Contract rates count 5 average words as a line. 
RAGE / quoted on request Box Numbers—count as | line 
An advertising inch is measured %” vertically on a column— Discount of 10% if full payment is made in advance for 


— 3 columns—30 inches to a page 4 consecutive insertions 
ae) Subject to Agency Commission Not subject to Agency Commission 


Send NEW ADS to CONTROL ENGINEERING, 330 W. 42nd St., N. Y. 36, N. Y., for August issue closing July Ist 














ELECTRONICS ENGINEER OR ENGINEERS 
PHYSICIST DESIGNERS-DRAFTSMEN 


cal 
Electronic Mechani 





if you have experience or ability in design, con- 
struction and evaluation of high voltage, high fre- 
quency circuits, we have an exceptional opportunity 
in which you will be interested. Position requires 


applicant capable of designing circuits incorporat- Keep Your 


ing transistors, magnetic amplifiers and semi- 
conductors. Write Director of Personnel, The 


Electric Auto-Lite Company, Toledo |, Ohio. Eye 
on the 


INSTRUMENTATION ENGINEER Ball 


Once in a lifetime opportunity for physicist or 
electronics engineer with ability to design, con- Network Theory 


struct and install setups used to obtain data on In your career, as in successful baseball, golf or tennis, Systems Evaluation 
engine ignition and performance. Setups will be 


diversified so that projects might require mechani- it pays to keep your eye on the ball. Keep your eye on Automation 
cal and electronic instrumentation as required to the advantages only a young, yet securely established Microwave Technique 
best obtain information. Also included will be ° 

design of auxiliary control circuits and writing of company can offer. Melpar is young enough to welcome UHF, VHF or SHF 
operation manua ‘0 use experimenta e- . . - . 2 co iver 

partment personnel. Write Director of Personnel, new ideas, to recognize and award achievement, yet big pe sige 

The Electric Auto-Lite Company, Toledo |, Ohio enough to offer stability and growth to those who look nalog Computers 


to the future. Digital Computers 


a ° M ic T 
Superb new laboratory facilities just completed this a ee 
year; an engineering staff of the highest calibre; long- 
. +s range military and industrial research programs; and an 
Engineers and Physicists ideal family environment in pleasant Fairfax County in 
M.S.or Ph.D northern Virginia . . . these are just some of the many 


Senior engineers and physicists with excellent benefits you'll find as a member of the Melpar staff. M ; 
pepeeties in fundamentals of both analytical and y P icrowave Filters 
a 


tery peseeren and development are needed stor Keep your eye on a career with Melpar, leader in Flight Simulators 

aaa a a ne aoe electronic research and development. ee CN 
ubminiaturization 

Men with versatility and leadership ability will be ; i , 
offered the opportunity to develop research programs Fer personal interview send eee ” Electro-Mechanical 
along the lines of their own oo ence and interest Technical Personnel Representative, Design 
within the wide scope of activities possible in an in- Quality Control & 
dependent organization. vality Contro 


Test En 
Write melpar, inc. sheet 
S. J. Keane, Physics Department Subsidiary of Westinghouse Air Broke Co 


Southwest Research Institute 3000 Arlington Bivd., Dept. CE-t1, Falls Church, Virginia or {| Galen St., Watertown, Mass 
8500 Culebra Road San Antonio, Texas 











Handling Equipment 
Radar & Countermeasures 
Packaging Electronic 
Equipment 

Pulse Circuitry 














OPPORTUNITIES FOR ENGINEERS ENGINEERS tee 


IN INDUSTRIAL ADVERTISING nn Creative 
AND TECHNICAL WRITING of Opportunities 


are today almost unlimited. If you are under 35 with 
years old, like to write, have a technical back- 


ground, and want a career in industrial advertising, 
we have an opening for you in the advertising Republic Aviation 
department of a well-known instrument company, 

that offers big opportunities. Ability to write and 
salesmindedness are essential. Write to us. We 
will give you more details. 





P-6563, Control Engineering - » - 
330 W. 42 St., New York 36, N. Y. A Vibration Engineer 
Two to five years aircraft vibration experience 
required. Shock and vibration theory and a prac- 
tical knowledge of electromechanical shaker ap- 
plication as used in experimental research testing 
NEED ENGINEERS of complete airframes for flutter analyses and 
component investigation essential. Familiarity with 
An employment advertisement in this usage ot accessory electronic instrumentation 
EMPLOYMENT OPPORTUNITIES section ya desired. Graduate with MLE. or AE. 
will help you find the engineers you need. egree preferred. 
Py per oc gen nan ponies. Boon im Please address complete resume, outlining 
> on ale M, i. ented details of your technical background, to: 
— eee Rice ‘ Assistant Chief Engineer 
engineering field. The selective circulation Administration 
of CONTROL — ge _— = Mr. R. L. Bortner 
an opportunity to choose the est 
quolified men evelleble. SIEPURMLME AVIATION 
FARMINGDALE, LONG ISLAND, NEW YORK 
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EMPLOYMENT OPPORTUNITIES 








LINCOLN LABORATORY 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


The Lincoln Laboratory is operated under contract by the 
Massachusetts Institute of Technology for the Air Force, 
Navy and Army. The principal task is the development of 
a system for defense against air attack on continental North 
America. The work is classified. The Laboratory is housed 
in new permanent Luildings in the town of Lexington, Massa- 
chusetts. A member of the M.I.T. family, the Lincoln Labora- 
tory combines academic research with systems and 
development engineering. Participation in the Laboratory 
offers association with experienced research men who are 
leaders in their fields, as well as many opportunities to 
broaden professional experience, to develop creative ability, 
and to acquire supervisory responsibilities in research. Sal- 
aries closely approximate current industrial levels. Persons 
with Bachelor's, Master's or Doctor's degrees, regardless of 
experience, are encouraged to apply 


The Lincoln Laboratory has openings for the following: 


PHYSICISTS for 


Development and design analysis in radar and 
communication systems. 


Component research and development. 
ELECTRICAL ENGINEERS for 


Radar and communications circuit design. 
Systems engineering, special digital computer design. 


Systems engineering, radar installation and 
maintenance work. 


Industrial liaison and production scheduling. 


MECHANICAL ENGINEERS for 


Development of small primary power plants. 


Mechanical and machine design problems. 


MATHEMATICIANS for 


Analysis of radar and communication data. 


Operation analysis for computer applications. 


For further information, please write or phone 


PERSONNEL DEPARTMENT 


LINCOLN LABORATORY 


P. O. Box 73 Lexington 73, Massachusetts 








EMPLOYMENT 
PROBLEM? 


When you are in need of 
specialized men for spec- 
ialized jobs, contact them 
through an employment 
ad in a McGraw-Hill Pub- 
lication. 


Management, Engineering, Produc- 
tion, Maintenance, Selling . . . these 
represent broadly the principal func- 
tions in business and industry. And it 
is principally to the men and execu- 
tives who fill key jobs in these im- 
portant divisions that McGraw-Hill 
publications are directed. 


McGraw-Hill Domestic 
Publications 


AMERICAN MACHINIST 
AVIATION WEEK 

BUS TRANSPORTATION 
BUSINESS WEEK 
CHEMICAL ENGINEERING 
CHEMICAL WEEK 

COAL AGE 

CONTROL ENGINEERING 


CONSTRUCTION METHODS AND 
EQUIPMENT 


ELECTRICAL CONSTRUCTION AND 
MAINTENANCE 


ELECTRICAL MERCHANDISING 

ELECTRICAL WHOLESALING 

ELECTRICAL WORLD 

ELECTRONICS 

ENGINEERING AND MINING JOUR- 
NAL 


ENGINEERING NEWS-RECORD 


FACTORY MANAGEMENT AND 
MAINTENANCE 


FLEET OWNER 

FOOD ENGINEERING 
NATIONAL PETROLEUM NEWS 
NUCLEONICS 

PETROLEUM PROCESSING 
PETROLEUM WEEK 

POWER 

PRODUCT ENGINEERING 
TEXTILE WORLD 


THE MEN YOU NEED ARE 
THE MEN WHO READ THE 


McGRAW-HILL PUBLICATIONS 


330 West 42nd St., 
New York 36, N. Y. 
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EMPLOYMENT OPPORTUNITIES 











The APPLIED PHYSICS LABORATORY 
of THE JOHNS HOPKINS UNIVERSITY 
offers an exceptional opportunity for 
professional advancement in a well- 
established Laboratory with a reputa- 
tion for the encouragement of individ- 
ual responsibility and self-direction. 


Our program of 


GUIDED MISSILE 
RESEARCH and DEVELOPMENT 


provides such an opportunity for men 
qualified for: 


Electronic Circuit Design and Analysis of 
Control, Guidance, and Homing Systems 


Development and Application of Transistor 
Circuitry 


Research and Analysis in Aerodynamic : 
Stability and Control . . . a . . . 
If you are interested in guided missiles this book will interest you. 
Here is one of the most complete guides to job opportunities in the guided missile 
field yet published. In this book, you will find not only a complete outline of the 
objectives and accomplishments of the Bendix Guided Missile Section, but also a 
detailed background of the functions of the various engineering groups such as sys- 
tem analysis, guidance, telemetering, steering intelligence, component evaluation, 
missile testing, environmental testing, test equipment design, reliability, propulsion, 
and other important engineering operations. Send for your free copy today. 


Electronic Equipment Packaging 
Instrument Design 
Missile Systems Development 


Flight Test Conduction 


Please send your resume to 


00000000000 0000086666SHFHHHHHEHHHEEEEEESSS 


Professional Staff Appointments 


APPLIED PHYSICS LABORATORY 
THE JOHNS HOPKINS UNIVERSITY 
8621 Georgia Avenue ‘) 
Silver Spring, Maryland 
a : ; challenging opportunities 








TECHNICAL jin the newest and fastest growing 


REPRESENTATIVES branch of the aviation industry 


LEAR, INC., is expanding its top 


notch Field Service organization to % are ni OW open! 


keep pace with increasingly wide- 
spread military acceptance of LEAR 





flight control systems and flight Bendix job opportunities in guided missiles range from top senior engineers 
reference systems. | to assistant engineers, junior engineers, technicians, and a score of other 


; ; | assignments. 
Attractive salary, liberal expense ar- Oualified e | iol ‘bili th B li i 
A ° ‘ > > ‘ > > ae < Ss > ‘ Tr y 
rangements. Assignments may require Jualiied men are give n re al job responsibility with Bendix and grow 
travel or residence at assigned stations. with the development of what is not only the nation’s most important weapon 
pe ae cremation prier te eunge- system, but a project that will undoubtedly lead to new and important long- 
range commercial applications. 
wee : And at Bendix you will be associated wi issile : 1orities and 
Qualifications include: . ; associated with top missile authorities a 
: have at your command unexcelled engineering and manufacturing facilities. 
1. E. E. Degree or equivalent. : 
2. Knowledge of servomecha- ; aa i 
nisms, gyros, electronics. out the coupon and mail it to us today. 


If you are interested in a future in guided missiles, the first step is to fill 
3. Tech. Rep. experience. 


To Apply, send resume to: Missile Section, Employment 


Field Service Manager | Department 
Bendix Products Division, 


| Bendix Aviation Corporation Address 
LEAR, INC. 401 North Bendix Drive, 
| South Bend, Indiana City 
110 lonia Ave., N. W. 
Please send me a copy 


Grand Rapids 2, Mich. of the book “Your Future State 
: in Guided Missiles.” 
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EMPLOYMENT OPPORTUNITIES 


To design an analog-digital converter to measure and 
read out directly, in digital form, to 3’ of arc, the angu- 
lar position of a shaft turning at an angular velocity of 
1000° per second—WITHOUT LOADING THE SHAFT. 


It is typical of engineering problems at ECA opment of established and widely accepted 
in that it requires non-typical thinking to commercial products. 
solve it...the solution can’t be found with 


It is no accident that ECA comes up with the 
engineering handbook procedures. 


right answers, however, for ECA’s engineers 
are selected with unusual care. They're imag- 
inative, broad of outlook...men with varied 
interests. It takes men like these to keep ECA 
ahead of the field—to develop automatic 
controls, digital and analog computers, elec- 


Daily ECA engineers and physicists are called 
upon to by-pass standard procedure...to 
exercise ingenuity in devising new, more ef- 
fective approaches. 


This kind of thinking has earned ECA its 
reputation for repeatedly coming up with in- 
genious but practical solutions to the most 
complex problems, and has led to the devel- 


tronic business machines. 


There’s room at ECA for more men of this 
calibre. Inquiries are invited. Please send 
resumes to Mr. W. F. Davis, Dept. 717 


id 
ELECTRONICS CORPORATION OF AMERICA 


77 Broadway Cambridge 42, Mass. 








ENGINEERS 


PHYSICISTS AND ENGINEERS 


ELECTRICAL 
Graduate EE with 
ence in electronic and el 
al machine control « 
emphasis on basic 
omputer circuitry 
ground helpful but 
MECHANICAL 
Graduate ME with 
ence nany or all of 
l High speed « 
vices 
Mechanical doesigr 


for research and development 


We are interested in intelligent men 


When we find them, we offer them mature responsi- 
bilities and a broad scope for their abilities in the 
company of other able men. We offer an opportunity, 
a challenge and a future. 

We want five experienced physicists and engineers 
for research and development work in the fields 
of infrared analytical equipment for laboratory and 
process plant, low signal level electronic circuitry, 
electro-mechanical devices and analytical instruments 
for medical use. 

We design and manufacture a variety of highly 


tems 

Photographi« 

ment and desig: 
Test and trouble shoo 


lesirable 


salaries and o} 
ncement,. Compar 
provides complete benefit progran 
SUBMIT COMPLETE RESUME OR 
APPLY IN PERSON. 


MERGENTHALER 


complex instruments and devices employing fine 
optical, electronic and mechanical skills such as 
spectrophotometers and process stream analyzers. 

We also have designed most of the large aerial 
photographic objectives in use today. Our bombsights 
fly in today’s jet bombers; our reactor periscopes 

sail on the Nautilus. We have designed complete 
computer systems for fire control and bomb direction. 
Our analytical instruments serve the laboratories 

of industry and the universities the world over. 


LINOTYPE COMPANY 


43 HALL ST. BROOKLYN 5, N. Y 








Territories Available for 


MANUFACTURERS’ REPRESENTATIVES 


The following territories are open for recognized 
reliable sales representatives to handle hydraulic 
servo-systems. Must be capable of servo-analysis. 
TERRITORIES 
New England . Seattle 
2. New York . Los Angeles 
. Baltimore-Philadelphia 8. Dallas 
. Cleveland 9. Detroit 
. Chicago 10. Canada 


If you are interested in becoming associated 
with Perkin-Elmer, please submit a detailed resume 


of your qualifications to the Personnel Manager. 


THE PERKIN-ELMER CORPORATION 
NORWALK, CONNECTICUT 


In complete confidence give technical qualifications, 
background, lines carried to: 


RW -6089, Control Engineering 
330 West 42nd St. New York 36, N. Y. 


eeeeveveeeeee ee Beeerereeeceeeeeeeeeoeeeeeeeeeeeeeeeee 
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EMPLOYMENT OPPORTUNITIES 





CONTROL TRANSMITTER 


(CLASSIFIED ADVERTISING) 


SALES ¢ BUSINESS U nw ; Vv A C 
EQUIPMENT (Used or Resale) 
“OPPORTUNITIES” 


UNDISPLAYED RATE 


(Not available for equipment advertising) The FIRST Name 


$1.50 per line, minimum 3 lines. Position 
Wanted ads in this style, 42 the above 


eS Sake Shee ete Set in Complete Electronic Computing Systems 
DISPLAYED RATE 


The advertising rate is $14.00 per inch 


for all advertising appearing on other : . . 
shee enstanis baae, Galina atten ented As the UNIVAC takes its place in more and more indus- 


on request. tries, REMINGTON RAND has greatly expanded its 
New advertisements received by June 28th research and development work in order to continue its 
will appear in the August issue. ae ‘ , : 

leadership in electronic computing equipment. 


A DEPARTMENT STORE There are many positions recently opened at all 
aly YOUR levels in all phases of research, design, develop- 

ment, and application of computing and allied 

ELECTRONIC SUPPLIES equipment. Even though your training and experi- 
WE’RE SELLING YOU RELAYS — ~~ ence may not be connected with computers, we are 


WHAT ARE YOUR OTHER NEEDS? © willing in many cases to provide the necessary 


Our normal Inventory Includes Over training. Individual cases can be evaluated during 
80,000 Different Items in the Electronic, % 


Radar and Radio Fields interview. 











System Studies Input-Output Devices 
Logical Design Product Design 

New Components Test Equipment Design 
Solid State Physics Computer Development 
Semi-conductors and Design 

Magnetic Materials High Speed Electro- 
Storage Techniques Mechanical Devices 
Circuit Design System Test and 

Pulse Techniques Maintenance 


ALLIED @ LEACH @ TELEPHONE TYPE 
MINIATURE AIRCRAFT @ GUARDIAN 
SIGMA @ HERMETICALLY SEALED 


ond many others 


The rapidly expanding engineering program has created many perma- 
nent positions paying excellent salaries. These positions offer personal 
challenges as well as outstanding opportunities for professional de- 


ea, 
4 
STEPPING SES velopment. The possibilities for graduate study in this area are 


excellent and the company has a liberal plan for reimbursement of 


SS ey tuition expenses. Other company benefits include retirement and 
“eS group insurance 


SEND FOR OUR LATEST BULLETINS - ‘ ‘ . , 
AND ADD YOUR NAME | Replies Kept Strictly Confidential 


TO OUR MAILING LIST 


coble eddress: UNIGENCOR, N.Y. _ | FOR INTERVIEW, WRITE T0 











At Your Service... ECKERT-MAUCHLY DIVISION 


The Control Transmitter Sect 


ur service to bring business needs o . . 
portunities” to the attention of men 2300 West Allegheny Ave. Philadelphia 29, Pa. 
t €2 itive, management, saies and 
é echnical, engineering and 
pacities with tl indust 
publication 

















JULY 1955 








PROFESSIONAL 
SERVICES 





© DESIGN 


RESEARCH ¢ PATENTS 


TESTING 
MANAGEMENT 
ECONOMIC STUDIES 
INSTRUMENTATION 
CONTROL SYSTEMS 








JOSEPH C. ADAMS 
CONSULTING ENGINEER 
Electrical & Mechanical 
Design & Development 
Cybernetic Control 
Processes & Systems 


178 Hicks Street, Brooklyn, New York 








JOSEPH L. COLLINS 


Consulting Engineer 
ELECTRONIC CHEMICAL 
ELECTROCHEMICAL ELECTRICAL 
Management ¢ Administration e Product Design 
Process Engineering ¢ Quality Control e Materials 

Specifications 


Statler Bldg HU 2-1092 Boston 16, Mass. 








HANSON-GORRILL-BRIAN INC. 


Specialized Control Systems 
ELECTRICAL - ELECTRONIC 
HYDRAULIC - MECHANICAL 


One Continental Hill Glen Cove, N, Y. 
Glen Cove 4-7300 








H. E. SOSTMAN AND CO. 


Electro-Mechanical Instruments 


Transducers and Controls 
for pressure-derived variables 
(pressure, altitude, airspeed, flow, etc. ) 


40 East Webster Avenue ae selle Park, N. J. 
CHestnut 1-12 








SVERDRUP & PARCEL, INC. 


Consulting Engineers 
Comprehensive Control] Engineering Services 
Systems analysis and design of automatic controls 
and instrumentation for ato mic energy... . be m- 


ical plants . .. . petroleum refineries eel 
plants... . test facilities . . 
industries 


915 Olive Street St. Louis 1, Missouri 


. and other Senenen 








WALSH ENGINEERING CO. 


Specialists in de 1 of 
ELECTRONIC and MAG NETIC 
Apparatus to solve unusual problems 
Complete Model Shop 
34 DeHart Place Elizabeth, N. J. 
Elizabeth 2-7600 








MORE CONTACTS LEAD TO 
MORE CUSTOMERS 

When you are represented in the PROFES- 
SIONAL SERVICES SECTION of CONTROL 
ENGINEERING, you are contacting the ex- 
ecutives who are responsible for calling in 
the experts. 

For further information on how to reach 
these executives, write: 


PROFESSIONAL SERVICES SECTION 
CONTROL ENGINEERING 


330 W. 42nd Street, 
New York 36, N. Y. 
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(Used or Sueptes 1 New) 
For Sale .... 





MINIATURIZATION 


plus 


PERFORMANCE 





in, 

pretision 
multitutn 
potentiometers 





TIC, a leader in precision potentiometers, again sets the 
standard. New LIOS provides miniaturization for com- 
pact assemblies . . . without sacrificing performance. 


Designed to meet stringent military specifications — 
tested to MIL-E-5272A. Manufactured to extremely 
close mechanical tolerances — precision pilot .. . 
centerless ground shaft .. . precision ball bearings. 
Made for high electrical accuracy. Type L10S provides 
rugged construction . . .light weight. . . low torque 
... inherent stability ... and high resolution. 


Wide temperature and resistance ranges of miniature 
L1OS provide greater versatility. Extend its application 
in servo systems ... computers ... control... tele- 
metering . . . and measurement systems. Check the 
L10S features. Then write for free brochure. 


Visit Us at the Wescon Show Booth 113 





ULTRA-LINEAR 
RUGGED 
HIGH TEMPERATURE 


CHECK THESE 
FEATURES 


LINEARITY 

“0.05% standard; 0.025%, special 
TEMPERATURE RANGE 

~33'<. te T190'C. 

RESISTANCE RANGE 

1000 ohms to 100,000 ohms 

WEIGHT 

1 ounce. 

TORQUE 

Starting .75 in. oz., Running .60 in. oz. 





TECHNOLOGY INSTRUMENT CORP. 


3 MAIN ST., ACTON, MASS. 


COlonial 3-7711 


West Coast Mail PR se P.O. Box 3941 North Hollywood, Calif. POplar 5-8620 
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Ea Gah 


ONE SOURCE STANDS OUT! 


the New York & 


Pennsylvania Company, makers of fine book and 


Like other leading companies, 


specialty papers, found that Fischer & Porter 

offered them integrated instrumentation and con- 
trol systems — all from a single source. 

Converting their Johnsonburg, Pa., mill from 

batch-type stock preparation to continuous auto- 

matic stock preparation called for five separate 

blending systems feeding five separate paper ma- 

chines, plus a complete refiner control system — 

all integrated into 

one centralized con- 

trol station. And to 

get the jump on com- 

petition, the N.Y. & 

Pa. Co. had F&P do 

a complete conver- 

Write for details on the F&P 


base nascaglil sion all in one fell 
Ratographic” miniature pneu- ' 
matic recorder-controller, otfer- swoop. 
ing 4-inch strip chart record 


*TM., FeP Co 


From one source, the N.Y. & Pa. Company 
obtained the engineering experience and know- 
how to design and instrument the system, the spe- 
Ratosleeve* stock meters) 
Ratogate * 
instruments (all of F&P design and manufacture) 


cialized meters (e.g., 
and valves (e.g., stock valves) and 
to control the processes, and the complete panel 
fabrication right down to the last graphic 
symbol. 

Because the complete package was obtained 
from one team, responsibility for delivery and 
performance was not divided, the cost far less. 
Perfectly matched instruments, rather than non- 
mating components, meant complete satisfaction 
for this customer. 


Write today and tell F&P 


answers will be yours quickly, without obliga- 


your nee ds — the 


tion. Compare and you must agree — F&P is the 
one source that stands out. 


conplele firoce. 


FISCHER & PORTER co. 


775 County Line Road, Hatboro, Pa. 


LA 1028 





MEASURING, RECORDING AND CONTRO 


CONTRACT INSTRUMENTATION RESEARCH e 


LLING INSTRUMENTS e 
CHLORINATION EQUIPMENT 


CONTROL PANELS e 


DATA REDUCTION SYSTEMS 
INDUSTRIAL GLASS PRODUCTS 





